PRESIDENT'S SECRETARIAT 
(LIBRARY) 

Accn. Class No...^; — 

The book should be returned on or before the date 
last stamped below. 




THE FEEDING OF FARM ANIMALS 
IN INDIA 



0 ^ 


ISSUED BY IHE INDIAN COUNCIL OF AGRIGULFURAL 
RESEARCH 






ANIMAL HUSBANDRY MANUALS 


THE 

FEEDING OF FARM ANIMALS 
IN INDIA 


BY 


P. E. LANDER, M.A., D.Sc., F.R.I.C., l.A.S. 

Late Agricultural Chemist to Government^, Punjaby 

Late Principal 9 Punjab Agricultural College y 
Lyallpur. 


MACMILLAN AND GO., LIMITED 

CALCUTTA, BOMBAY, MADRAS, LONDON 

1949 



PREFACE 


In this book an attempt has been made to set forth the fun- 
damental principles and practical aspects of Animal Nutrition 
with special reference to Indian conditions, in a manner which 
may appeal both to the scientist and the farmer. 

Until comparatively recently the computation of rations 
in India for dairy cattle and other stock had to be made almost 
exclusively from data derived from feeding trials carried out in 
foreign countries. These served and continue to serve a useful 
purpose, as there are still many gaps in our knowledge of the 
true nutritive values and the best methods of using Indian feeding 
stuffs. This is much more the case with animals other than 
cattle, in which our knowledge of rationing values deduced from 
scientific feeding trials conducted in this country is largely a 
still unexplored field. 

In writing this book I have drawn extensively on the results 
of my work on animal nutrition at Lyallpur during the last 
22 years.’ I have also made considerable use of works, such as, 
Feeds and Feeding by F. B. Morrison, The Nutrition of Farm 
Animals by H. P. Armsby, The Scientific Feeding of Animals 
by O. Kellner, Animal Nutrition and Veterinary Dietetics by 
R. G. Linton, Feeding of Farm Live Stock by J. C. B. Ellis, and 
many others. 

I am indebted for the photographs for Chapter I, on soils, to 
Mr. A. P. F. Hamilton, O.B.E., M.C., I.F.S., Chief Conserva- 
tor of Forests, Punjab ; to Mr. W. Keventer, of Keventer’s 
Dairies for those for Chapter XIV on pigs, and to Colonel Sir 
Edward Cole, Kt., C.B., C.M.G., of Coleyana Estate, Okara, 
Punjab, for permission to reproduce photographs of some of 
has horses. Chapter XII, and of silo pits. The photographs 
for Chapter XIII were taken by kind permission of the officer 
Commanding No. 41, Camel Coy. Lahore Cantonment. 
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The graphical method for determining the cash value of 
feeding stuffs, described in Chapter XVI, is largely the work of 
Pandit Lai Ghand Dharmani, B.Sc. (Agri.), my Chief Research 
Assistant (now Agricultural Chemist to Government, East 
Punjab). I am especially indebted to him for invaluable 
assistance throughout the preparation of the book, particularly 
in the computation of rations, and the preparation of the appen- 
dices. The laborious task of Proof-reading was also done by 
him. I express my gratitude to my collaborators, and also to* 
Mr. F. Ware, C.I.E., F.R.G.V.S., I.V.S., Animal Husbandry 
Commissioner with the Government of India, for many valuable 
suggestions in the final stages of the work. 

P. E. LANDER. 


NOTE BY THE INDIAN COUNCIL OF AGRICULTURAL 

RESEARCH 

Because of conditions created by war, it has taken an unduly 
long time to publish this useful monograph. Since its compila- 
tion in 1943, many changes have taken place. The Imperial 
Council of Agricultural Research, under the auspices of which 
this monograph was written, has now become the Indian 
Council of Agricultural Research. With the Indian Indepen- 
dence in August 1 947 followed partition, with the result that the 
Punjab and Bengal were divided. But with a view not to 
retract from the previous work and to preserve the continuity 
and utility of the monograph, references to the work done in the 
undivided Punjab and Bengal are retained, as in the original 
manuscript, and the Council is referred to as the Imperial 
Council of Agricultural Research, indicated in short by the 
letters I. C. A. R, 

New Delhi, P. N. NANDA, 

30th April, 1949. Animal Husbandry Commissioner with 

the Government of India. 
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CHAPTER I 

THE SOIL 

The soil is mankind’s most precious material heritage, as it 
IS the source from which ail living organisms ultimately derive 
a considerable part of the substance of which they are composed, 
and on whose healthy and balanced condition all plant and 
animal welfare ultimately depend. 

It is desirable that the owner of livestock should lake into 
account the nature and condition of the soil on which he grows 
his crops, as well as of the crops themselves, as the two arc very 
intimately related, and adverse soil conditions^ will give rise to 
crops of defective nutritive value which will, eventually, be re- 
flected in the condition of the livestock. Conversely, the manure 
produced will be valuable, if properly used, in maintaining the 
fertility of the soil. 

The practice of agriculture has undergone considerable 
changes in recent years, particularly in western countries, and 
traditional customs in many parts of the world are giving place 
to improved methods of scientific agiiculture with increased 
yields as the goal and frequently directed to ‘money crops’ rather 
than to ‘food crops’. 

Unless, however, the proper balance between the soil and the 
plant is maintained by preserving the fertility of the former by 
judicious manuring, the scientific farmer may in time discover 
that he is unable to maintain his increased yields. 

Under pressure of modern conditions, the rise in human 
population and the continually increased demand for more 
lo(^, the old-time farmer in many Western countries who 
employed animal labour and traditional methods of cultivation 
is becoming converted into the scientific agriculturist employing 
machinery instead of animal labour, and artificial fertilizers to a 
greater extent than natural ones, with the result that the bio- 
logical equilibrium between the soil and the plant may tend to 
be upset. 
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In India, China and the Orient gcnerallA thih tendency is 
not yet so pronounced, and time honoured methods of cultiva- 
tion are still largely in vogue^ though as the population in- 
creases there will inevitably be greater demands on the soil for 
more food crops as is indeed the case at the present time of 
War (1943). 

The soil is a very complex product, brought into existence 
by many natuial agencies operating over millions of years 
during which it was not interfered with by the hand of man. 
Compared with the time taken in its preparation, the time during 
which the human race has existed, and still more so, the time 
during which modern methods of scientific agriculture have been 
employed, are negligible. The soil must not be regarded as a 
‘dead’ inert mass, but rather as a ‘living’ entity teeming with 
lowly organisms whose interaction with the organic and inorganic 
parts of the soil largely determines its healthy condition. Natural 
conditions of cultivation assist this mutual relationship, and a 
judicious combination of organic with artificial manures where 
the latter are necessary to supply necessary plant food nutrients, 
is a good method of emuring healthy soil conditions. 

Modern agriculturists today realize that if artificial fertilizers, 
arc used alone they may adversely affect the natural equilibrium 
in the soil and that organic manures, preferably farmyard 
manure, are valuable, in fact essential, for the long-term main- 
tenance of soil fertility; they emphasize the need to use both 
organic manures and artificial fertilizers together. In this way 
soil fertility can be maintained, while the further crop increases 
needed by the growing population of the world can be secured. 

The soil is a depository of many minerals which the plant 
requires, and which become available under healthy soil condi- 
tions, and some of the more important of these from a quantita- 
tive aspect, such as calcium, phosphorus, iron and so forth may 
have their natural availability disturbed by exclusively artificial 
manures. Apart from these, there are also many minerals in the 
soil, present in only infinitesimally small quantities, but which 
are carefully selected by the plant and no doubt exert a great, 
but largely unknown, influence on plant life. 

For example, copper is present in only minute traces in the 
soil. A copper sulphate solution of i : 1,000,000,000 is definitely 
injurious to Algae such as Spirogyxa, and in a dilution of 



1 : 700,000^000 it hinders tiie development of wheat sprouts, and 
at a dilution of i : 800,000 completely stops their growth. In 
the soil a dilution of this strength will act as a poison to bacteria,, 
yet various crops contain considerable amounts of copper. Oats 
contain up to 0.9 per cent, barley up to 0.0 1 per cent, and wheat 
and rye about the same ; potatoes contain four milligrammes per 
kilogramme, hay from six to twelve milligrammes per kilo- 
gramme, whereas lentils contain 0.015 per cent, peas 0.0 1 per 
cent, soybeans 0.01 per cent, calculated on the weight of the 
ash. [Pfeiffer, 1938.] 

Again, sugar beet contains an amazing collection of Vare’” 
elements with over 50 per cent of its ash consisting of sodium^ 
lithium, manganese, titanium, vanadium, strontium, caesium, 
copper and rubidium. [Pfeiffer, 1938.] Many other plants show 
similar phenomena as regards mineral content, and exhibit great 
selective capacity in extracting the mineral salts from extremely 
low soil concentrations. 

Our knowledge is still scanty concerning the part played by 
many of the minerals in plant and animal welfare, but it might 
be possible that a heavy dressing of artificial fertilizers with no 
organic manure may alter their usual concentrations in the soil 
solution, or otherwise render the plant less capable of utilizing 
them. 

The human race and the plant kingdom suffer from many 
diseases, the origin of which is inexplicable with our present 
knowledge; many are ‘diseases of civilization’, so called, but it 
might be found, if our knowledge could extend so far, that some 
of these diseases could be traced, among other factors, to altera- 
tions in the composition of food crops due to disturbances in the 
composition of the soil brought about by the natural equilibrium 
between the soil and the plant being upset. 

Susceptibility to disease, in human beings, animals and plants, 
may thus be increased by unnatural treatment of the soil or by 
allowing it to lose condition. 

Again, it is well known that the losses which occur in crops 
as a result of insect pests and plant diseases are colossal as is also 
the amount of labour and money spent in preventive measures. 
Insect pests and diseases may be regarded by some people as 
an inevitable natural phenomena, but it is quite likely that 
when soil conditions deteriorate from whatever the causes may 
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be^ a state of affairs ensues favourable to the development of 
pests and diseases. On the other hand if the soil is kept in a 
healthy condition it is quite conceivable that the incidence of 
loss from pests and diseases might be considerably reduced. 

The preservation of soil condition, and its reclamation where 
it has deteriorated, can only be achieved if a comprehensive 
view is taken of the nature of the soil and the close relationship 
of the inorganic and organic parts of which it is composed with 
the living organisms. Natural methods of cultivation and 
natural manures help to maintain this harmony. Unnatural 
methods which may be called for by an ever increasing demand 
for greater yields may disturb it, and eventually upset the 
natural balance in the soil between the inorganic and the organic 
constituents. 

In this connection the results obtained over a short period, 
or even the span of human lifetime may be deceptive, and it is 
the long time effects as judged by soil deterioration and defective 
nutritive properties of the crops produced which ultimately 
matter. 

Viswanath and Suryanarayana [1927] have made an inter- 
<esting study on the relative effects of natural and artificial man- 
uring under Indian conditions. They found important quali- 
tative differences in ihe seeds of millets, Eleusine co^ cocan 
{Mandal) , and Panicum milaceum {Cheena) , and of wheat, 
and used pigeons to demonstrate these differences in feeding 
trials. 

In the Madras climate these grains gave greater yields with 
organic fertilizers than with chemical ones or without any ferti- 
lizers. Chemical fertilizing gave an increased yield over the no- 
fertilizer plots of 32.8 per cent, but the organic fertilizer gave 
an increase of 100.7 per cent in the case of Panicum milaceum. 
The same strain of seed was used again and again for the same 
fertilizer test, and thus an increase was obtained in the various 
qualitative aspects. 

Feeding tests with Eleusine gave the following results: 
Average percentage of loss of body weight during the days 
« o/ the test: 

Group with basic ration .. .. .. .. .. 37.7 

Grpup with basic ration plus plants grown on 

stable manure basis .. .. .. .. 22.4 
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Group with ba^ic ration plus chemicalh fertilized plants 37.4 

Group with basic ration plus unfertilized plants . . 40.9 

Even with manifold changes in the conditions of the experi- 
ment, a better result was evident in the case of the seed raised 
with organic fertilizers than with seed raised with chemical 
fertilizers. In the case of wheat, the seed raised with chemical 
fertilizers reacted less favourably than the seed raised without 
fertilizers. 

The same workers carried out a series of feeding trials with 
pigeons and found tliat stable manured barley gave better re- 
sults than barley to which mineral fertilizers were given. 

Experiments with rats, with a basic ration of meat residue, 
refined starch flour, olive oil and salt, cod liver oil (or Marmite 
or Vegex) for a vitamin supplement, and in addition, either 
organically fertilized wheat, or minerally fertilized wheat, both 
sorts having been grown on adjacent land, gave the following 
results : 

Pe} centages of gain in body weight: 

Basic ration plus stable manured wheat . . . . . . 1 1 4 

Basic ration plus chemical^ fertilized wheat 

plus vitamin supplement . . . . . . . . 104 

Basic ration plus chemicalh fertilized wheat alone . . 89 

That is, the stable manured wheat was better despite the added 
influence of the vitamin supplement to the chemically fertilized 
soil. 

Somewhat similar results have been recorded by Professor 
Boas of Munich [1932] who has shown that pasture grasses 
organically fertilized possess a higher albumin content than when 
fertilized by mineral manures, and in the latter case the grasses 
contained more peptones which are one of the first disintegration 
products of proteins. 

It is interesting in this connection to recall the famous Broad- 
balk wheat experiments at Rothamsted, which have been con- 
tinued for many years with different manures, and with no 
manure whatsoever. The Rothamsted report for 1938 records 
the following* 

“It is sometimes stated that wheat grown without organic manure has 
less nutritive value than wheat grown with it The Broadbalk experi- 
ments afford no evidence of this claim Samples of grain from the 
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different plots were sent to the Dunn Nutritional Laboiatories at Gain- 
bridge and examined by Dr. Harris, but no consistent differences in then 
content of vitamin Bi could be found- Nor have the milling and baking 
tests ever shown any superiontv of organic, over inorganic manures. The 
claim is also made in regard to other crops; fruits, vegetables, tea, etc. 
but no good experiments have shown any difference Bad misuse of 
artificial fertilizers ma) of course lead to loss of quaht\ of produce and 
It is well knowm that farm\ard manure has various beneficial effects 
^on the soil.’’ 

These results were obtained on English soils which are richer 
in organic matter than the average Indian soils, which are noton- 
ously deficient in this respect. Organic manure is the one ferti- 
lizer above all others which Indian soils need, but in certain 
parts of the country there are conspicuous deficiencies in essential 
plant food material ; for example, the soils of Bihar and Orissa 
are deficient in phosphates, in many of the sub-montane tracts 
and the lower Himalayan foot-hills where heavy rainfall occurs, 
calcium is deficient, whilst in the north-western comer of the 
Punjab, soils respond to phosphatic tertilizers to a greater extent 
than in other parts of the Province. 

More long period work is still required on artificial manures 
versus organic ones, but the general consensus of the scientific 
opinion to-day is in favour of a judicious combination of th( 
two. 

It may well prove to be the case that the best policy in India 
will be to develop the greatest possible use of organic manures 
and supplement these with artificials to supply actual soil 
deficiencies. 


SOIL DETERIORATION FROM HUMAN AND 
ANIMAL AGENCT 

The history of civilization has been associated with the des- 
truction of large tracts of fertile land by the activities of human 
beings and animals. The process of the transformation of fruit- 
ful land into desert has been going on since very ancient times, 
hut it is not necessary to go far back in history for evidence of 
soil destruction, as the process is going on at present in many 
countries of the world. In India, and to a greater degree in 
South Africa and the United States of America, large tracts of 





Fig. 2. A dreadful picture of erosion at Talwara in the Himalayan foot- 
hills (Hoshiarpur District, E. Punjab). Hill slopes have been 
washed away and the entire well lies exposed. 
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land are being lost to cultivation b\ soil erosion In India 
erosion is most conspicuous in the Himalayan foothills and sub- 
montane tracts due to the denudation of forest and hill lands 
of their protective vegetation. In the American middle west, 
that vast prairie lands which originally supported enormous 
herds of wild cattle wex'e built up by nature over long periods 
of time and natux^e preserved what she had so laboriously 
achieved. With the coming of civilization, these natural lands 
which acted as a sponge for the absorption and gradual release 
of rainw^atcr to other levels, w^ere broken up for farm crops and 
the surface of the soil became exposed to wind^v. Concurrently, 
forests were cut down and over-grazing practised on the re- 
maining grazing lands with the result that the protective soil 
covering was destroyed. Drought and wind then played their 
part and the American West "Dust BowF covering many 
hundreds of thousands of acres of land^ replaced w’hat were 
formerly fertile plains. Jenny [1933] has recorded tliat the nitro- 
gen and humus content of the soil, w^hen contrasted with the 
original prairie, have fallen about thiity-five per cent in about 
thirty years, and the only thing that has increased is soil acidity. 
Dust storms which are the natural sequence are completing the 
destruction, and it has been computed that a third of the culti- 
vated area of the United States of America is on the way to 
becoming useless. This scientific commercializing of Agriculture 
— a policy seriously lacking in foresight — ^has resulted in one 
of the greatest grain producing areas of the world — the United 
States — importing cattle feed in recent years and actually import- 
ing w^heat (1936) instead of exporting it. Drastic measures are 
now being taken in the United States to cope with the evil and 
large reafforestation measures arc being undertaken, but the 
damage done affords a valuable lesson which is not without signi- 
ficance to India. 

The writer has drawm attention in a recent publication 
[Lander, 1942] to the widespread destruction of cultivated and 
grazing lands in this country as a result of overgrazing. The 
results of excessive and uncontrolled grazing, viz., soil erosion, 
are more conspicuous in the hills and submontane tracts, but 
their ill effects are felt far beyond the immediate localities in 
which they occur. (Plate I, Figs, i & 2.) 

The semi-arid foothills of the Western Himalayas, and the 
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law di7 hills of peninsular India support an excessive human and 
animal population, and it is in such areas of light rainfall that 
the greatest damage from erosion occurs. Many of the hilly 
tracts show large areas of bare rock which in comparatively recent 
times were covered by a protective cover of vegetation. The 
original soil and herbage acted like a sponge, holding rain water 
as it fell, and enabling it to percolate gradually downwards on 
its journey to the plains where it fed the subsoil water and 
smaller streams and rivers. The soil and its covering thus 
served a double function, viz., the production of more vegetation 
and fodder, and a deepening of the soil on the rocky hills, and 
by acting as a valve, guarding and controlling the water supply 
of the lower levels. As in other parts of the world, the removal 
of the protective herbage exposes the soil to the corrosive action 
of rain, and destroys its porosity and its profile. Hence when 
rain does occur, it washes away the surface soil in the currents; 
which are formed, so that not only is the soil lost, but the rain 
water is also lost, both locally and in the lower areas to which 
it should have found its way by slow natural percolation. The 
inevitable result is the incidence of floods during rains, and 
drought soon afterwards. (Plate II, Fig. i.) 

Gorrie [1933] has drawn attention to this evil, and in a note 
to the Animal Husbandry Wing of the Board of Agri- 
culture (1936) says: 'Tn the Punjab the outstanding 
need is for an immediate and very drastic reduction in 
the total of grazing animals. The grazing for the whole pro- 
vincial forest area is 1.2 acres per animal, but even this indica- 
tion of heavy stocking gives no accurate picture of the real state 
of affairs. The whole of the foothills of the outer Himalayas, the 
Siwaliks, the Salt Range and many smaller ranges of low hills 
are literally crawling with^ livestock of every description. The 
east of the province gets enough rainfall to allow of fairly rapid 
recovery, but the west is becoming more arid as ihe ground 
cover becomes less efficient for catching and storing the already 
inadequate rainfall. Both through fresh legal powers, and 
through a widely organized series of practical demonstration 
areas a really drastic reduction of livestock must be aimed at, 
beginning with the destruction of useless scrub bulls and bullocks 
and complete exclusion of goat browsing”. (Plate II, Fig. 2.) 

The problem of soil deterioration and destruction in India 
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PLATE II 



Fig. 1. Stages in erosion showing exposed roots of Anogeissus in undemar- 
cated Chularij Kutlehar Jagir, E. Punjab. 



Fig. 2. The last stage of erosion in a Ghir pine lorest. The mature forest 
at a low altitude has been over-grazed and has almost disappeared. 
(Nadaun State, Hoshiarpur District, E. Punjab.) 




Fig. 2. Some badly eroded land near mile 19 on Chakwal-Sohawa Road 
^Jhelum District, W. Punjab). This was previously a highly 
fertile plateau. 
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has not yet received the attention it deserves. The vast Indo- 
Gangetic alluvium stretching almost unbroken from the 
N. W. F P. and Sind to Assam^ the Red Soils of the G. P. and 
Southern India, and the Black Soils of the Deccan have been 
cultivated from time immemorial, and appear to contain in- 
exhaustible reserves of plant food material. Situated midway, 
as India is, between the Tar East’ and the Tar WesP the pre- 
servation of her soils in a healthy condition should be a matter 
of prime importance to all connected with the feeding of men 
and animals. 

The preservation of the soil and the production of crops of 
high nutritive quality is a matter of more than mere agricultural 
or scientific concern. Ultimately it has a very direct bearing on 
national stability and national defence, and this applies to India 
no less than to other countries. The standing committee of the 
Council of Agriculture for England under the chairmanship of 
Sir Merrick Burrell [1936] stated that it. was seriously concerned 
over the position of the National Food Supply which at that time 
was regarded as one of the weakest links in the chain of national 
defence. The Council pointed out that both the fertility of the 
soil and the means for the increased production of foodstuffs were 
less in 1936, than they were in 1914 and subsequent years when 
the shortage of food supply placed the country in a most perilous 
position. The Council also warned the Government that the 
lowered reserves of fertility in the greater part of the soils of the 
country and the fewer men employed, made a rapid expansion 
of foodstuffs absolutely impossible, and that only a carefully 
thought out long-term agricultural policy embracing all sections 
of the Industry would be likely to prove adequate. Under the 
stress of a Second World War, England has set to work to remedy 
her agricultuial defects, and appears to have done this with con- 
siderable success (1943). At the beginning of the Second 
World War, England was only producing sufficient food to feed 
her population for about one and a half days a week ; by the 
autumn of 1043 food production in England, as a result of un- 
precedented efforts by the farmers was sufficient to feed the 
population for about five days a week, and it is expected that 
food production will be still further increased. India has in 
turn adopted a ‘Grow More Food,’ (Plate III Figs, i & 2) 
campaign, but as demands on the soil increase, means 
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TQiist be taken to see that her soils do not lose their 
fertility. 

As fax back as 1926 the writer drew attention to the loss 
which the soils of the Punjab alone incur through the practici 
of burning dung for fuel instead of using it as manure. [Lander 
1926] The loss was calculated both on a manurial, and a cash 
basis^ and it was shown that: 

(1) Based on the market \aluc of Faim \ard Mania e, the loss 
amounted to 1.5 crores of rupees per annum and 

(2) When based on the value of Farm Yard Manuie at Rs. 7 
per ton, calculating this value from the increased yields obtained 
from land manured with Farm Yard Manure as against controls 
with no manure, the monetary loss comes to no less than 8 crores 
per annum 

Those figures were obtained by combining manurial values 
from chemical analyses and from increased crop yields. Even 
^considering (i) alone, the picture is sufficiently impressive to 
indicate that every endeavour should be made to tackle the 
problem of the preservation of this valuable plant food for tiie 
soil. Similar data if computed for the whole of India would 
be much greater, and a matter for alarm at the^ losses taking 
place from the soil, and if to those be added the fertilizer values 
represented by exported products they would be astronomical in 
size. Yet inspite of such losses the soil continues to produce crops, 
but these might be much greater and of higher food value if 
all the natural plant food removed from the soil could be re- 
turned to it. 

A decade, or even a lifetime is too short a period to pronounce 
judgment on the ultimate degree of, or effects, of soil deteriora- 
tion, but some illuminating facts in this connection may be seen 
in China, a country renowned for its intensive cultivation and 
strict devotion to manurial and compost economy, carried out 
with almost religious zeal. In China, everything that can be 
■composted and returned to the soil is put back ; all sorts of refuse, 
night soil, etc., etc., arc collected in layers, properly treated 
and turned into humus earth, — all by manual labour, so that 
it has been possible to keep much of the land in its original 
state of fertility by the oldest cultural methods of humanity — 
humus conservation and manual labour. The more heavily 
cultivated regions of China show'’, according to Pfeiffer [1938], 
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from 1,750 to 2,000 people to tlic square mile ithc average for 
China as a whole is considerably less), against 41 per square 
mile for the U.S.A., 225 for Switzerland, 343 for Germany and 
660 for England. The figure for India is approximately 100. 
The extreme density of population in China has resulted in 
the natural equilibrium between the soil, the crops and the 
human population being disturbed, and this i^ assisted by the 
animal population which helps to convert hills and mountain 
chains which should be covered w ith vegetation, into more or less 
barren and impoverished land which in many places is approach- 
ing the characteristics of a desert. 

It is doubtful, however, whether any large scale use of night 
soil as is customary in China, is to be recommended for India 
or Western countries. There is considerable prejudice against 
its use and its scientific value as a manure still remains to be 
vindicated. On the other hand there is very great scope for 
increasing the production of compost manures by utilizing the 
vast quantities of town waste available, and steps have already 
been taken to do this on a large scale. 

It is not difficult to realize that in Oriental countries where 
the human population is abnormally dense, or rapidly increasing 
year by year, as in the case of India, any factors which con- 
duce to deterioration in soil conditions and the consequent re- 
duction in the soil’s capacity to produce food, may in time result 
in human catastrophes of the first magnitude. 

Mention has been made previously of the serious conditions 
prevailing in some parts of India and a good, although more 
extreme parallel may be found in a vivid description of similar 
conditions in China, by Prof. G. Wegener [1936]. 

“On the slopes of the hills we see either a dusty poor stand of plants 
of secondary quaJity, or the complete and fearful barrenness and empti- 
ness of stony ground. The higher portions are badly furrowed and 
tom by the rain while the lower are always newly coyered by streams of 
mud which destroy the fruitful soil at the bottom of the hills. The levels 
and valley bottoms are cultivated as gardens right upto their extreme 
ed^es. The great lack of fuel drives the inhabitants to a ruthless mter- 
ference with the natural reforestation, even on the uncultivated lands. 
In some parts of the country grass roots, dung, etc , already serve as 
the only source of fuel. 

In south China, although this was settled much later by the 
Chinese, and is today still much more thinly populated, the exhaustion 
of the woods is already very far advanced and goes fonvard at a gigantic 
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pace, and with all its devasting effects. This is especially true in the 
areas of thickl> populated sections. The Chinese culture which in its 
conservatism is still today very largely a culture of wood, needs this 
wood in large amounts — and so the consumption of the forests goes cease- 
lessly on It has become clear that even for the inexplicably cheerful 
Chinese peasant the minimum standards of existence are being rapidly* 
left behind, and that precisely from these provinces comes the main 
stream of the tiemendous Chinese emigration which Manchuria has in 
recent years absorbed. The denuded hills and mountainous_ regions, 
about 50 per cent of the total area, remain practically unutilized.’’ 

“From here, as from the similarly oversettled regions of China”, 
sa\s Prof. Wegener “there comes forth a type of man who, because of 
his low standards of living, and the toughness of his body and nerves 
for the performance of his traditional labour, eliminates eveiy competi- 
tor fiom the field both at home and in the^ lands in which he settles. 
Herein lies perhaps the greatest Vellow peril’, when the spreading of 
the Chinese oyer the earth becomes more extensive than today.” 

These words have a significance for India, where in many 
parts, soil conditions, although not presenting quite such a 
sombre picture as the i.bove, nevertheless already constitute a 
problem of the greatest national concern. Europe, America, 
China, South Africa, India and other parts of the world, all 
have to face the problem of the disturbance of the natural equili- 
brium between the soil and the human and animal populations, 
brought about by increasing numbers, industrial and agricultural 
development and the competition between nations for a ‘place in 
the sun.’ 

The preceding discussion indicates that one of the greatest 
problems confronting the world at present is that of food supply. 
The economist tells us that if the world’s food supply were 
properly distributed there would be enough for all, but it is 
questionable if this is really so, or if it is, how long it will con- 
tinue to be so with increases in human and animal popula- 
tions, and deterioration in soil conditions ? The modern Agri- 
culturist tries to solve the problem by intensive farming com- 
bined with an increasing use of artificial fertilizers. This no 
doubt produces more food — for a time — ^but it is necessary, 
taking a long view, to guard against the natural balance between 
the soil, the livestock and the human population being upset, with 
the result that, in course of time, all may suffer. When a 
country produces crops, not only for its own needs but also for 
exjwrt, it is natural that it will tend to concentrate on those 
which are likely to give the biggest cash returns, or in other 
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words, produce ‘^money crops’ rather than ‘food crops’. The 
result is that a considerable part of the land which might other- 
wise have been put under food crops is devoted to other pur- 
poses, and livestock are liable to suffer more than human beings. 
This is well illustrated in India where natural pastures are dimi- 
nishing, the fodder supply tends to become more and more in- 
adequate, and the majority of cattle hardly get a subsistence 
ration. 

The large numbers of weak, emaciated, ill fed and badly 
cared for cattle in India support this contention. According to 
the figures given in the census for 1937-38 the number of live- 
stock in British India and Indian States was roughly 300,000,000. 
Yet in spite of these numbers the needs of the people for dairy 
produce cannot even be remotely met. India is predominantly 
an Agricultural country, yet the per capita production of milk 
and milk products is only 6.6 oz., as against two to four pounds 
in many foreign countries. One of the main reasons for this is 
that, although India has so many cattle, a large proportion of 
them produces little or no milk, and the number of cattle is far 
too large for the fodder resources of the country. The area of 
cultivated land per head of cattle is approximately 1.2 acres, 
compared with 3.4 acres in Great Britain, 31.4 in Canada and 
24.9 in the United States of America. 

It is a very easy matter to tell the people what they should 
’eed to their cattle to increase milk production, but quite another 
to produce the crops to enable this to be done. India is up 
against a vicious circle. The scientists are continually advocat- 
ing limiting the number of nondescript and useless cattle and 
feeding the remainder better rations, but social and religious 
customs do not permit weeding out the useless stock. Instead 
they are kept alive and fed with fodder crops which, from a 
social and agricultural improvement point of view, could be 
more profitably employed in increasing dairy products for the 
people. 

Whatever may be the immediate difficulties, the ultimate 
solution of the problem appeals to lie in restoring the proper 
equilibrium between the soil and the human and cattle popula- 
tion. 

Better conservation and utilization of the soil and the food 
which it produces is the only means of building up robust and 
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healthy livestock. Some knowledge of the soil from the point 
of view of livestock requirements is thus a very important 
aspect of all problems of animal nutrition. 


^SOIL TYPES, COMPOSITION AND FUNCTIONS 

Geological ages have been required for the formation of the 
soil by the various weathering and other agencies which have 
occurred from the time when primitive or crystalline rocks re- 
presented the earth’s original crust. These agencies, operating 
through the ages, gradually covered the original exposed rock 
with layers of ‘debris’ which acted as a protection for the lower 
layers, and guarded them against further rapid corrosiony 
although the percolation of water still went on. The finer 
particles in the upper layer became slowly washed away to 
lower levels and so, in course of time, the surface of the earth 
became so modified under the influence of meteorological con- 
ditions that life in its lowest forms became possible. Vegetation 
appeared and this in turn again reacted with the weathering 
rocks to form the first beginning of what eventually became 
‘soils’. 

It is not proposed to enter here into any detailed review of 
the origin and composition of soils but to confine this review to 
such salient features as have a practical bearing and interest for 
the animal husbandman. 

An important consideration to be kept in mind is that the 
soil is by no means ‘just dirt’, or ‘earth’ or ‘something in which 
plants grow’, but the seat of many complex chemical and biolo- 
gical operations in which the bacteria and protozoa play a funda- 
mental part. It is by means of these changes that the mineral 
and organic matter of the soil are rendered available — i,e.^ 
capable of being taken up in the soil solution by the plant 
for its sustenance and growtli. 

A plant is the produce of the particular soil on which it 
grows, and its value as a feeding stuff for animals is governed 
to a considerable degree by the nature and composition of that 
soil, and the efiiciency with which the living organisms in it are 
able to function. 

^ Untold millions of bacteria exist in every handful of normal 
soil, and it is this living population which, considered against 
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the background of tiie otlier soil constituents, is foremost among 
the various factors which detennine the value of a soil as a 
medium for plant growth. The soil may therefore be reviewed' 
as a medium for producing feeding stuffs for animals under the 
following captions: 

1. The main type^ of soil found in India. 

2. The mechanical nature of the soil. 

3. The chemical composition of the soil. 

4. The living organisms of the soil. 

Main Types of the Soil Found in India 

The chief soil types found in India are: 

(a) Alluvial soils 

These soils which cover about 300,000 square miles and' 
stretch from Sind through the Punjab, the United Provinces, 
Bengal and Assam to the Eastern coastal regions, constitute by 
far the largest and most important of the soil groups of India. 
They are derived from the deposition of silt over long periods 
of time by the numerous tributaries belonging to the three chief 
river systems of India, viz*, the Indus, the Ganges and Brahma- 
putra. In superficial appearance they appear to be very uni- 
form, but in reality they vary considerably from drift or blown 
sand, through intermediate loams, and silts to very stiff clays. 
They are argillaceous (clay), and as a rule their nitrogen con- 
tent is low, their phosphorus and potassium content is adequate' 
and the amount of lime they contain variable. They contribute- 
the largest share of the agricultural wealth of the country and 
are suitable for grovring almost all kinds of crops except those- 
found exclusively in tropical regions. 

( b ) Black soils 

These, sometimes known as Black Cotton Soils, arc found' 
in the western part of the Central Provinces and Hyderabad 
State, interspersed with deeper, black soils, and a deep black 
alluvial soil running from the North of Hyderabad State, towards 
the coast near Kathiawar. They are highly argillaceous, some- 
what calcarious and extremely sticky when wet, and they retain 
moisture for a considerable time. Conspicuous among their con- 
stituents are calcium and magnesium carbonates, iron and a 
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large admixture of organic matter, sometimes amounting to lo 
per cent. It is owing to the latter two constituents that the 
prevailing dark or black colour is due. Black Cotton Soils aie 
credited with an extraordinary degree of fertility by the people, 
and in some cases they are known to have been cultivated for 
^centuries without manuring or being left fallow, and without 
showing any apparent signs of exhaustion. 

(c) Red soils lying on metamoiphic rocks 

These soils are found chiefly in the eastern parts of the 
Central Provinces, Hyderabad State and the Deccan, and have a 
characteristic colour due to the presence of moderate amounts 
of limonite fairly evenly distributed. Such soils vary from poor, 
thin, gravelly and light coloured types on the uplands, to much 
more fertile, deep dark varieties in the plains and valleys. They 
are generally poor in nitrogen content, phosphorus and humus, 
and are mildly alkaline. Some are comparatively rich in potash, 
iron, lime and magnesia, but they are as a rule poorer in lime, 
potash and iron oxide than the black soils, and arc also uniforml'y 
low in phosphorus content. 

[d) Laterite soils 

These soils appear to be peculiar to India and certain other 
tropical climates with a hea\7 rainfall, and are derived from 
the atmospheric weathering of several types of rocks under con- 
ditions of alternating w^et and dry seasons, the siliceous matter 
of the rocks being almost completely leached away during 
weathering. 

They are found only to a small extent in India, and occur in 
Eastern Assam, South Eastern Bengal and along the Malabar 
Coast. Laterite soils are widely divergent in character. A true 
Laterite is very infertile and contains but little plant nutrients, 
but good tillage can effect considerable improvement. These 
soils when found at high altitudes are generally thin and gravelly, 
very porous and agriculturally unimportant. 

Low level laterite soils are dark, and comprise heavy loams 
and clays and are red brown or dark in colour, and retain 
moisture well. 

All laterite soils are poor in lime and magnesia, and deficient 
in nitrogen and potassium, but the phosphorus content is occa- 
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sionaliy high, and they may sometimes show a high content of 
humus. 

{e) Desert soils 

These comprise a large tract in eastern Sind, extending over 
the whole length of the province along the border of the Indusi 
alluvium, Rajputana and the south Punjab. The sands of the 
desert are mainly derived from the old sea coast and have been 
transported and deposited in the interior by south westerly winds. 
As their name suggests, these soils are poor, but by no means 
entirely barren, for there are towns witWn die regions contain-^ 
ing them, even in the driest parts of Rajputana, where under- 
ground water and irrigation enable a certain amount of culti- 
vation to be carried on. 

It may be expected that fodders and natural grasses obtained 
from sods so different in their geologic origin and character, and 
exposed to such widely different climatic conditions, will show 
significant variations in their quality and chemical composition. 
In this respect data regarding scJls and crops in India is still 
somewhat scanty and no very clear picture can be given of any 
precise correlation between soil composition and the composition 
of crops grown on them. It is well known, however, that con- 
spicuous soil deficiencies can be reflected in the composition of 
crops grown on them, and these in turn may effect animals and 
human beings. Thus, for example, the soils of some of the hill 
tracts along the Himalayas which are subjected to heavy rain- 
fall are laclang in calcium, and so are the crops, and rickets and 
osteomalacia are wide-spread among the population. Again,, 
the soils of Bihar are notoriously deficient in phosphates, while 
those in the Hissar district in the Punjab are, by contrast, rich 
in phosphates, and well balanced generally. This is reflected 
in the excellent cattle indigenous to this region — the Hariana 
breed. Dub grass grown at Hissar is the richest of its kind in 
India and may contain up to 20 per cent of protein. As a 
contrast the Bihar cattle are notoriously poor. 

For further details concerning the relationship between tlie 
minerals in the soil and in crops, the reader may consult Orr’s 
^Minerals in Pastures’, which deals comprehensively with the 
problem in different parts of the Empire. Most of the data at 
present available in India [Lander, 1942] on the composition 
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of natural and cultivated fodders have been published. Some 
general features of the composition of soil may now be con- 
sidered. 


(2) Mechanical Nature of the Soil 

The response of a soil to the water supply, and its suitability 
for cultivation depend to a large extent on its physical texture or 
composition, and the determination of this constitutes the 
mechanical analysis. 

In determining the mechanical composition, the inorganic 
particles are divided into groups according to the size of the 
particles as determined by special analytical methods. 

This grouping is shown below: 


Stone and gravel . . 

Maximum size Minimum size 
in mm. in mm. 

— 3-0 

Fine gravel 

3*0 

I.O 

Coarse sand 

I.O 

0.2 

Fine sand 

0.2 

0.04 

Silt 

. . . . . . 0.04. 

O.OI 

Fine silt 

0 01 

0.002 

Clay 

0,002 

— 

A soil is designated sandy or light, a light, medium 

or heavy 


loam, or a heavy soil, according to the relative proportions of the 
different groups contained in it. The category in which a soil 
is placed will also be governed to some extent by the amount 
and kinds of salts which are present. For example, lime or 
calcium salts tend to keep a soil . open and lighten it, while 
sodium salts will do tlie reverse, and if the latter are pi"esent to 
a high degree, a hard uncultivable soil will result, as is seen in the 
bar a soils of parts of the Punjab. The growth of different types 
of crops will be governed to a large extent by these factors— 
among many others. Thus, though the size of the various 
particles is an important factor in determining the physical 
nature of a soil, this can be modified considerably by the com- 
position of the finer particles, and their ability to form a colloid 
system with water, and by the presence or absence of certain salts 
in the soil. For example, clays differ considerably in their 
chemical composition, and a sodium clay will give a much 
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SHOWING TEXTURE OF THE SOIL 



IFig. I.— variations in the mechanical composition of the soil 


Profile to a depth of 12 feet from 24 bores in a compact block of 
about half an acre (iO 4 'x 2 o 80 . Each bore is situated at a distance cf 
<26 feet from the adjacent bore. 
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heavier and intractable soil than a calcium clay, and a readily 
workable calcium clay soil will tend to pass into a heavier and 
more impermeable type if it contains free sodium salts. There 
is thus a close connection and interaction between the clay com- 
plex and the free soluble salts in the soil, and exchanges can 
take place between the positive ions of each, the ‘metallic’ 
parts. This is why liming is so important on clay soils which 
are impervious to water. The calcium of the lime enters into 
combination with the clay complex and turns out the sodium, 
thus flocculating the soil, or in other words breaks it up into a 
less cohesive mass. 

Again, the nature of a sandy soil can be much modified by 
the amount of organic matter present. Sandy soils tend to dry 
up and are lacking in plant food material, and the best treatment 
for them is to give liberal doses of organic manure which arti- 
ficials cannot replace, as this helps to preserve moisture and 
texture, as well as supplying nutrient material for crops. 

An important soil feature which the farmer often ignores is 
the very variable nature of the subsoil below the first nine inches, 
the latter being the ‘soil proper’. The various mechanical 
groups may be found in different quantities, and at different 
levels, even within a small area. 

Fig. 1 shows some typical profiles of an alluvial soil at 
Lyllapur in the Punjab taken within a comparatively short dis- 
tance of one another. Such variations have a definite bearing on 
the growth of crops and the type of crop which may be suit- 
able for particular soil. Attention is too frequently focused 
on the upper soil proper, and the subsoil ignored. 

3. Chemical Composition of the Soil 

(a) Chemical composition 

The whole of the food which a plant draws from the soil 
has to be taken through the fine root hairs in soluble form. 
Healthy plant growth therefore depends on the amount of plant 
food present in the form of soluble salts which the plant can 
absorb, and the amount present as reserves which can be made 
aymlable progressively under the influence of the various acti- 
vities which go on in the soil, largely as a result of bacterial 
activity. Chemical analysis can tell something alx>ut the re- 
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Serves of plant food material in the boil when there are any 
conspicuous deficiencies, but it is a matter of extreme difficulty 
to say with certainty that a particular crop will do well on a 
certain soil from chemical analysis alone. Many imponderable 
factors come into play which chemical analysis cannot reveal. 
Although the chemical analysis of a soil resolves itself chiefly 
into detennining the nitrogen, calcium, phosphorus, potassium 
and iron, and to a less degree the magnesium, manganese, 
aluminium, chlorine and sulphur, there are many other minerals 
present only in extremely small quantities in the soil such as 
copper, iodine and many of the rarer elements, whose importance 
is too frequently not recognized. These can only be accurately 
determined by spectrographic analysis, and our knowledge of 
the part many of them play in regard to plant and animal health 
is still scanty. 

(b) Humus content 

A conspicuous feature of most Indian soils is their lack of 
humuS' — the dark brown material produced by bacterial action 
from organic matter of vegetable origin, and which is so valuable 
to plants as a source of food. Its chemical composition is in- 
definite as it consists of a variable mixture of different sub- 
stances, tliemselves of very complex constitution. Humus con- 
stitutes nature’s own fertilizer and is far better for the soil than 
artificial fertilizers. It helps to bind light soils together, and 
open out heavy ones, and in the decomposition of the carbohy- 
drate portion, carbon dioxide is liberated which aerates the soil. 
Humus also forms a store of food for the bacteria, which thus 
derive energ^^ for the important work tliey have to do in breaking 
down the humus into soluble food material in combination with 
the salts, as inorganic nitrates, etc., and for the many other 
groups of bacteria, some of which will now be briefly described. 

4. Living Organisms of the Soil 

Vast numbers of micro-organisms exist in the soil — bacteria 
— protozoa — ^fungi — and it is through their manifold activities, 
chiefly of the bacteria — that vegetable matter is broken down 
and converted into humus, and ultimately into carbon dioxide, 
nitric acid and other simple products. Without these changes 
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there would be a vast accumulation of 'dead’ matter in the world, 
the soil would be sterile through lack of nutrients, and there 
would be a break in the biological cycle of construction, destruc- 
tion and reconstruction. The changes effected in the organic 
matter in the soil are associated with different groups of 
organisms, each with its specific functions, but all are of funda- 
mental importance in the nutrition of the plant. 

Certain groups of organisms attack the carbonaceous parts 
of plant residues such as soluble carbohydrates, cellulose, etc.,, 
converting them into a variety of organic acids, carbon dioxide 
and water, while the proteins are attacked by certain special, 
groups of bacteria and the lower fungi. 

Perhaps the most important groups of soil bacteria, called! 
amonifiers are those responsible for the breaking down of nitro- 
genous plant residues into amino-acids and then ammonia. The 
ammonia is then acted upon by other groups called the nitri- 
fiers (nitrosomas and nitrobacter) and oxidized to nitric acid., 
which combines with the bases of the soil to form nitrates. Under 
certain conditions, in the presence of large amounts of car- 
bonaceous matter, and in the absence of air a group of anaerobic 
bacteria called the denitrifiers comes into play and causes actual 
losses of nitrogen by changing nitrates and other nitrogenous com- 
pounds into free nitrogen which is lost in the air. 

It is important to remember that bacteria are present and 
flourish only in the upper crust of the soil, mostly in the top four 
inches, and that their numbers decrease with depth. Their num- 
bers also vary according to the amount of food material, mois- 
ture and the reaction of the soil. Hence while aeration of the 
soil is necessary for the optimum activity of the bacteria, deep 
ploughing which turns up the sub-soil on to the surface helps, 
to render the soil unproductive for a considerable time due to 
sterile soil being brought to the region where the young plants 
will start to grow. 

Nitrogen Fixation hy Bacteria 

There are two groups of bacteria which possess the power of 
taking free nitrogen from the air and synthesizing it into their 
own body proteins which are later mineralized for the use of 
plants. 
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The members of one of these groups, the Azotobacter and 
Giosteridium, live free in the soil and derive their energy from 
carbonaceous matter, fixing free nitrogen from the air in the 
oxidation processes of their life cycle. These organisms are re- 
corded to be capable of fixing as much as 50 — 100 lb. of nitro- 
gen per acre per annum. 

The members of another group, Rhizobium leguminosarunij. 
live in symbiotic relationship with leguminous plants which 
possess small round nodules on their roots in which the bacteria 
live. They utilize the sap of the host for food, and in return fix 
nitrogen from the air and pass it on to the host plant. This 
capacity of leguminous plants to fix nitrogen from the air is of 
great importance in nutrition problems. The legumes are them- 
selves rich in nitrogenous products, and they also enrich the soil 
for succeeding crops, which is why they are used so commonly 
in crop rotations. 

Sulphur and Iron Bacteria 

Two other interesting groups of soil bacteria are: — 

(a) the sulphur bacteria which oxidize sulphur to sul- 
phuric acid, thus helping to render soluble certain 
other minerals needed by the plant, and 

{h) die iron bacteria which secrete hydrated ferric oxide 
in badly drained soils whose water contains ferrous 
bicarbonate in solution, a condition made possible 
only if calcium carbonate is absent. 

GROWING CROPS WITHOUT SOIL 

After having stressed the importance of the soil and the 
necessity of maintaining it in proper condition for the growth of 
plants, it may appear strange to state that plants can be grown 
to healthy maturity without any soil whatever. Yet this is so 
provided they have the proper salt solutions and other environ- 
mental conditions neces-sary for good growth. This is not so 
strange as it appears to be at first sight if it is remembered that^ 
apart from the carbon dioxide which plants absorb through their 
leaves for the manufacture of carbohydrates, the whole of the 
food they require is taken in through the fine root hairs situated 
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near the tips of the roots in the form of a dilute solution of salts 
comprising what is known as the ‘soil solution’* If, therefore, 
a plant is provided with a solution in which to ^ow approxi- 
mating as nearly as possible to that which constitutes the soil 
solution, it might be expected that corresponding results, namely, 
normal growth would follow* This is what actually happens 
when plants are grown in nutrient solutions. 

The elements which are necessary to promote normal growth 
in nutrient solutions consist of nitrogen, phosphorus, potassium. 
calcium, magnesium and sulphur. All of these with the excep- 
tion of sulphur are required by plants in large amounts but each 
IS absorbed by plants in amounts different from the others, and 
they can be given in considerable excess without producing 
harmful resiilts. Sulphur in the form of sulphate is generally 
absorbed to less varying degree by plants, and can also be sup- 
plied in excess without producing toxic effects. 

In addition to the above, plants require certain other ele- 
ments known as trace elements in only very small quantities. 
The optimum concentration of these may be only a fraction 
of one part in a million, and if this is exceeded toxic effects 
are likely to follow. Iron, manganese, copper, zinc and boron 
fall into tliis category, and in addition certain other elements 
may also play an important part in plant grow'tli under natural 
conditions. 

Potassium nitrate, calcium phosphate and magnesium sul- 
phate are the chief commercial chemicals from which the major 
elements required in nutrient solutions can be obtained. The 
trace elements can be furnished by boric acid, manganese sul- 
phate, zinc sulphate, copper sulphate, ferric chloride or nitrate 
or ferric sulphate (see below) . 

It is well known that plants vary very considerably in chemi- 
cal comj^ition, and consequently a considerable range in the 
composition of the nutrient solution in which plants are grown 
is possible, although an excessive absorption oP any one element 
in the early stages of plant growth may have unfavourable effeeb^ 
later. 

The^ chief principles underlying the possibility of growing 
plants in nutrient solutions, or culture solutions as they are 
sometimes called, have been known for a long time but their 
development on a commercial basis is largely due to Gericke 
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[1929; 1936] m the U.S.A. who developed the methods for 
growing plants on a large scale in specially prepared containers 
filled with nutrient solution. The development of the com- 
mercial production of plants by this method created great 
popular interest in the U.S.A., and the practice has attained 
considerable dimensions in that country. The cliief drawbacks 
are partly the cost of tfie chemicals, but more particularly the 
cost of the containers and other equipment. Refined glass or 
glazed earthenware containers M'hich resist the solvent action of 
salt solutions are expensive, and the basins now generally used 
are constructed of concrete, wood, sheet iron and various pre- 
parations of asphalt. 

These basins or trays range from 2-| feet to 6 feet in width, 
and 50 feet in length. Wooden troughs i foot wide and 40 
feet long, and even large tanks 12 feet wide and of sufficient 
length to provide a water surface area of i /200 of an acre have 
also been employed. 

Many types of plant can be grown by this method, and 
apart from the actual containers, certain other accessories are 
needed. For example, seeds must be started off on a seed-bed 
which may consist of a mat of some vegetable litter such as 
straw or sawdust properly mounted over the surface of the 
nutrient solution on wire netting and fixed to a portable frame 
which rests on the top of the basin. Wire supports will also be 
needed, the size and cost of which will depend on the type of 
plant being grown. 

Naturally, different types of plant require different treat- 
ments, and the beginner who wishes to take up the culture of 
plants in nutrient solutions either as a hobby or on a more 
ambitious scale should carefully study the details of the techni- 
que required from one of the excellent textbooks available on 
the subject. A suitable book for this purpose is ‘Soilless Growth 
of Plants’ by Carleton Ellis and Miller W. Swaney, Reinhold 
Publishing Corporation, New York, U.S.A. 

The culture of plants by this method makes a fascinating 
hobby but it is questionable whether it will ever supplant the 
normal production of crops from the soil except in certain coun- 
tries and in localities where defective soil conditions may render 
its commercial exploitation an economic possibility. 
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Arnon and Hoagland [1939I have described the results of 
some of their experiments on tomatoes, but the yields they 
obtained were not markedly different from those which could 
be obtained from soil, and they state that their results do not 
justify the contention that the potential crop yields from suit- 
able nutrient solutions are higher than from fertile soil 

These investigators also studied the chemical composition of 
tomatoes grown in fertile soil in greenhouses, and the same 
varieties grown in water culture solutions under the same 
climatic conditions. It was found that there was no significant 
difference in the calcium, phosphorus, magnesium, potassium, 
nitrogen and sulphur content of fruit grown in the nutrient 
solutions and in soil, neither could any significant difference be 
found in the contents of vitamin A (carotene) and vitamin C. 

The author has grown tomato plants in culture media in 
glass jars and found no difference in the vitamin content of 
the ripe tomato from the vitamin content of tomatoes grown on 
soil. 

It is sometimes contended that plants grown in nutrient 
solutions are not as susceptible to plant diseases or insect pests 
as are plants grown in soil, but Amon and Hoagland point out 
that, while strictly soil-borne diseases are eliminated, recent 
observations suggest that plants grown in nutrient solutions may 
be attacked by diseases specific to these solutions. The general 
consensus of opinion appears to be that the potentialities for 
crop production in suitable nutrient solutions do not exceed those 
of a good fertile soil. 

Hosain [1942] has recorded the results of trials in which he 
grew maize and barley in water culture solutions at Izatnagar in 
the U.P. where very considerable ranges of temperature and 
humidity occur. Detailed observations were made in regard to 
attack by fungi, the yields obtained, the quality of the crop as 
revealed from chemical analyses and the cost of production. 
The results of these investigations show that the climatic condi- 
tions of Izatnag:ar which are typical of those of a large part 
of northern India preclude the possibility of growing fodder in 
the type of *cabinet used during the summer months. Further- 
more, the high humidity was found to favour the development 
of fungi which could not be easilv suppressed by chemical treat- 
ment. More favourable results were obtained with fodder 
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gmwn under controlled conditions in winter, but Hosain con^ 
eluded that it seems highly improbable that the cost of produc- 
tion involved will justify this method of growing fodder in 
India. There is no doubt, however, that most excellent crops 
can be produced in water culture media under controlled condi- 
tions and provided proper equipment is installed. 


Preparing the Nutrient Solutions 

The nutrient solutions required for soilless growth are of 
two kinds; firstly, a solution of trace elements, i.e.^ those ele- 
ments which the plant requires in only very small quantities ; 
and secondly, the main nutrient solution containing the salts 
needed in considerable amount, Ellis and Swaney [1929] re- 
commend the following two stock solutions for providing the 
trace elements 


Stock Solution A 

One teaspoonfui (3.2 grammes) each of boiic acid, manganese sul- 
phate and zinc sulphate are simultaneously dissolved in ^ gallon of water, 
to which Jth of a teaspoonful of copper sulphate is then added. Stock 
solution A may be added to the main cultuie solution at any time before 
use. 


Stock Solution B 

One quarter of a teaspoonful (0.8 a^ramme) of ferric chloride or 
ferric nitrate is dissolved in one pint of water. Ferrous sulphate may 
also be used to provide the iron, but this salt has a tendency to be pre- 
cipitated from solution on standing. Iron salts are inclined to preci- 
pitate when brought into contact with the main culture solution, conse- 
quently stock solution B should only be added to the latter just before 
it is required for use with plants. 

Stock solution A may be added to the main culture solu- 
tions in the proportion of two teaspoonfuls (10 c.c.) of the 
foimer to 5 gallons of the ’latter if pure chemicals are used, or 
one teaspoonful (5 c.c.) of the former to 5 gallons of the latter 
if commercial chemicals are employed. 

Stock solution B may be used in the proportion of 4 tea- 
spoonfuls (20 c.c.) to each gallon of the main culture solution. 
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Standard Culture Solutions 


No, 1 Culture Solution 


Unit of 
measure 

i 

Mono- 

potassium 

phosphate 

KH.PO. 

Calcium 

nitrate 

Ca(N03)F 

4H,0 

Magnesium 

sulphate 

MgSOu 

Ammunium 
sulphate 
(NH,). SO, 
(Dry) 

^Grammes per 5 gallons 
of solution 

5-9 

20*1 

10-7 

18 

Teaspoonfuls per 5 
gallons of solution 

li 

4 

24 

4 

(approximate) 



Each of the salts should be dissolved separately in about a 
pint of water, and the separate solutions mixed and made up to 
5 gallons with ordinary water. The trace elements provided in 
stock solutions A or B may then be added as indicated above. 


No, 2 Culture Solution 


Unit of 
measure 

Monopo- 

tassium 

phosphate 

KH2PO4 

Sodium 

nitrate 

NaNOn 

Magnesium 
sulphate 
MgSOu 
7H,0 i 

Calcium 

chloride 

CaCU 

(Dry) 

Grammes per 5 gallons 
of solution 

3*9 

6-4 1 

10-3 

3*2 

Teaspoonfuls per 5 
gallons of solution 

1 

i 1 

24 

1 

(approximate) 


1 1 



This solution should be prepared exactly as directed for 
No. I. 


No, 3 Culture Solution Prepared from Commercial Gradi 

Chemicals 


Unit of 
measure 

tSupexphos 
phate (Mono 
-calcium, 
Ca HPO 4 

Sodium i 
nitrat ; 

NaN03 1 

Magnesium 

sulphate 

MgSO,- 

7H,0 

Potassium 

chloride 

KOI 

'Grammes per 5 gallons 




— 

of solution. 1 

‘Teaspoonfuls ’per 5 

5-8 

6*4 

10*3 

1 

3*9 

gallons of solution 
(approximate) 

2 

1 

• 2^^ 1 
1 1 

1 
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Superphosphate usually contains a certain amount of in- 
soluble matter which should first be allowed to settle and the 
clear solution then poured off.* Only half the quantity of stock 
solution A or B should be added to culture solution No. 3, 
The above solutions have been recommended and developed 
by the New Jersey Agricultural Experiment Station, U.S.A., and 
have been found to produce excellent results with vegetables 
(tomatoes, potatoes, radish, lettuce, etc.) and flowers (begonia, 
gladioli, tulip, rose, gardenia, carnations, snapdragons, etc.). 

For producing flowers and vegetables on a small scale as a 
hobby, good quality glass containers may be used, of size and 
dimensions to suit the investigator, or they may be made of any 
of the materials mentioned above. The beginner will experience 
many practical difficulties before he has perfected his technique 
and will have to find out from experience when to replenish the 
i>olutions and give them the periodic aeration they need. 
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CHAPTER II 

CONSTITUENTS OF FEEDING STUFFS 

Different types of farm stock are fed a variety of feeding 
stuffs which vary considerably in composition, but have the 
common feature that they are all composed of a comparatively 
small number of main food groups or nutrients. These may be 
classified as follows: 

Feeding stuff 

^1 

1 I I 

Organic Inorganic Vitamins 

j 

i III 

Mtrogenous Non-nitrogenous Mineral Water 

substances substances matter 

I I e-g- 

II II Calcium, 

True Non-protein Carbohydrates Fats Phosphorus, 

Proteins nitrogenous | Iron, 

substances | [ Iodine, 

Soluble Crude Sodium, 

carho- fibre etc. 

hydrates 

The material of which plant food material is composed con- 
sists in the first place of water and dry matter. If the material 
is heated to I20^C for some time, depending on the nature of 
the material, the water is driven off and the residue is the dry 
matter. It is the dry matter which forms the basis on which 
chemical analyses are performed in order to express the percent- 
age of the different groups of nutrients present in a feeding stuff. 
For example, if a. pasture grass contains 90 per cent, of water, 
and chemical analysis reveals that it contains i per cent, of 
calcium on the oven dried material then the grass as it stands in 
the field would obviously contain o.i per cent, of calcium 
by weight 
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No physical manifestations of life are possible without water^ 
so it may be considered as primus inter pares among the consti- 
tuents comprising the plant The amount of water present in 
feeding stuffs varies considerably. Wheat grown in a hot dry 
region is drier than v^heat from moister areas, but contains on 
an average about lo per cent, of water; succulent feeding stuffs 
such as root crops may contain anything above 75 per cent, of 
water and are called succulent in distinction to those of a water 
content below this figure, the non-succulent feeds. Water 
plays an important mechanical part in supporting the plant 
structure by virtue of the osmotic pressure set up in the plant 
cells by the salts in solution. It also acts as a medium for 
transporting food material, and is essential for the proper func- 
tioning of cellular life. 


ORGANIC 

Nitrogenous Substances 

Feeding stuffs contain a great variety of nitrogenous sub- 
stances of varying degrees of chemical complexity; these have 
been divided into the proteins proper, and those substances 
which, although containing nitrogen in their composition are 
not true proteins. Proteins contain on an average 16 per cent, 
of nitrogen, so when the chemist wishes to determine the protein 
content of a feeding stuff he finds out the amount of nitrogen 
it contains, and then multiplies that figure by 6.25 (6.25x16 
= 100) . 

Such an estimation reveals what is called the total or crude 
protein. A more refined analysis subdivides the total or crude 
protein into true protein and the non-protein nitrogenous sub- 
stances, sometimes referred to as the amides. 

True protein has a greater nutritive value than the amides^ 
and consequently an analysis which calculates all the nitro- 
gen as though it were protein proper, will give a some- 
what higher nutritive figure than is justified. The relative 
proportion of true to crude protein in feeding stuffs varies 
considerably, and in some young succulent fodders may be as 
high as 50 — 50. The amount of non-protein nitrogen, how- 
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ever, is usually very much smaller than this. Reference to this 
‘Subdivision will be made again in Chapter V. 


What Proteins Are ? 

The farmer is continually having to take into account the 
nature of the food he has to give his animals, and particularly 
the protein foods, and it is important that he should have some 
knowledge of the relative values of different protein foods, and 
why some proteins are so much more valuable from a feeding 
standpoint than others, as this has a close relationship to the 
desirability of feeding mixed concentrates instead of a single 
one. 

The chemistry of the proteins is very complex and has by no 
means been fully worked out yet, although the chemical struc- 
ture of some of the ultimate constituents of which the protein 
molecule is composed is well known. The study of the proteins 
may be made either from an analytical aspect, Le.^ breaking them 
down and discovering the nature of their component parts, or by 
the synthetic method, i.e.^ endeavouring to build up substances 
resembling proteins from much simpler substances of which they 
are known to be composed. 

In order to illustrate briefly the chemical nature of the pro- 
teins, examples will be taken from the synthetic method of 
attempting to elucidate their ultimate structure. A few simple 
examples of chemical substances and their formulae will serve 
as a useful prelude both to an understanding of the chemical 
nature of the proteins and also of the other constituents of feed- 
ing stuffs. 

One of the simplest chemical formulae is that for water, 
H2O, which tells us that a molecule of water, that is the smallest 
particle of water that can exist as such, contains two atoms of 
hydrogen and one atom of oxygen. Another way in which the 
formula for water could be written is H.OH, which shows how 
the various atoms are linked together. This is called the struc- 
tural formula and shows in this case, tliat one of the hydrogen 
atoms and one of the oxygen atoms act so to speak as a group, 
which can be displaced by certain other atoms or groups of 
atoms. For example if this OH group is turned out of the 

G 
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water molecule and replaced by chlorine, a yellow poisonous 
gas, hydrochloric acid (HCL) results. 

A slightly more complex substance may now be taken before 
proceeding to study the foodstuffs proper. 

Acetic acid is familiar to everyone as the acid ingredient in 
vinegar. The smallest particle of this acid which can exist as 
such, i.e., a molecule, has a formula C2H4O2, which means that 
one molecule of acetic acid contains two atoms of carbon, four 
atoms of hydrogen and two atoms of oxygen, all totally different 
substances which when chemically united in a certain way and 
in this proportion give a colourless liquid, acetic acid. Another 
way in which this formula can be written, as in the case of 
water, is CH3.COOH, which shows its structure or division into 
groups, each of which can act as an entity as though it were a 
single atom. 

Acetic acid is one of a group of related acids each of in- 
creasing complexity and formed by adding an additional CH2 
group to its predecessoi. These are known as the fatty acids 
and have to be considered both in regard to the chemistry of 
the proteins, and the fats. 

The first member of the group is formic acid (H.COOH), 
well known as the substance in stinging nettles which sometimes 
causes trouble. The next is acetic acid, (CH3.COOH), men- 
tioned above — ^this is clearly H.COOH with one added GH2 
group, — the next is propionic acid, C2H5COOH, and so on for 
a whole series until we come to the higher fatty acids, which will 
be referred to in greater detail in connection with the fats. 

Palmitic Acid, C13H31COOH 

and Stearic Acid, C17H35COOH 

are two such examples, and their relationship with acetic acid 
and the added CH2 groups is quite clear. 

We may now return to acetic acid for an introduction to the 
proteins. It is possible to replace one of the hydrogen atoms in 
the GH3 group by a group of atoms, NH2, called the amino 
group, by treating acetic acid with ammonia, NH3, or as it may 
H . 

be written, N^H with the formation of an amino acid 
H 

and liberation of hydrogen as a result. 
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This reaction is shown in equation form as follows: 
CH3.GOOH + NH3 = GH2.(NH2)G00H + H2 
(acetic acid) (ammonia) (amino acetic acid) (hydrogen). 

Another name for the amino acetic acid thus produced is 
glycine. Some of these amino acids are very simple, like glycine, 
others are very complex; some contain only carbon, hydrogen, 
oxygen and nitrogen in their molecules, while others contain in 
addition, sulphur or phosphorus. Glycine, however, is the 
^implest of them all, and they are important because they con- 
stitute the actual substances of which all proteins are composed. 

We may now consider another amino acid of slightly greater 
complexity. The next fatty acid in the series after acetic acid, 
is propionic acid, GHoCH2‘GOOH. If now an NH2, or amino 
group, is introduced into this as was done for acetic acid 
‘CH3.CH(NH2) .GOOH known as amino propionic acid, or 
alanine, which is another and very important amino acid present 
in all proteins is obtained. 

The amino acids are of fundamental importance in stock- 
feeding in connection with protein metabolism and some more 
complicated examples may now be given to illustrate their 
nature more fully. 

It would have been noticed that alanine, unlike glycine, has 
its GH3 group intact. If one of the hydrogen atoms of this GH3 
or methyl group as it is called, is replaced by benzene (GgHe) the 
following equation shows what happens: — 

€H 3 .GH(NH 2 ) .GOOH + GeHo - C,H,.GH2.GH(NH2).COOH+H2 

(Alanine) (Benzene) (Phenyl alanine) 

Phenyl alanine is yet another amino acid, a little more com- 
plicated than the former, but not yet very formidable. 

It wall be noticed in the above equation that one of the six 
hydrogen atoms in benzene has been removed and also one of 
the hydrogen atoms in the GH3 group of amino propionic acid. 
To make what follows clear, it may be suggested that benzene 
GeHf, can be written thus: — 

CH.GH.GH.GH.GH.GH. 

This is not actually so and benzene behaves as though the 
above chain formula was taken and closed in the form of a 
(circle or ring, such as this: — 
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in much the same way as though the two ends of u piece of 
string were curved round and joined together. We can now at 
once see that if two or more of the hydrogen atoms in benzene 
are replaced by other atoms or groups of atoms, the resulting pro- 
duct will depend on which of the hydrogen atoms in respect 
to any other are so replaced, that is to say. 


C.OH 



CH 


will be quite a different substance from 

C.OH 



CH 
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It will now be seen that phenyl alanine can be written thus: 
C.CH^. CH(NH2)-C00H 



Still another amino acid can be formed from phenyl alanine 
if the hydrogen atom in the No. 4 GH group is replaced by an 
OH or hydroxyl group. If this is done tyrosin results^ 

CeH4.OH.CHo.CH. (NH2) .COOH 

Of; as de^icribed above, this may be written thus* — 



Tyrosin is an amino acid of fundamental importance in the 
proteins of feeding stuffs and is indispensable to growth; the 
same remarks apply to the last example of amino acids which 
will now be given, viz>, try^ptophane, which again is more com- 
plex than any of the former. 

In order to understand the nature of tryptophane we must 
refer to pyrrole, a substance related to the alkaloids, with a 
formula C4H5N, and which, like benzene, has to be written in 
the form of a closed ring to show' its chemical nature, thus: — 
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MH 


Pyrrole 


If pyrrole is joined on to the benzene ring a substance called 
indole is obtained, one of the putrefactive products of proteins 
present in the excreta of carnivora. The formula of indole is 
C8H7N. In order to show its chemical nature and structural 
formula it may be written: 


H 

c 



Tndole 


If this substance is linked up with alanine, tryptopliane 
C11H12O2N2 results. This can be written in its full struictural 
form as follows: — 


Tryptophane 
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Another way of regarding it is to consider one of the hydrogen 
atoms of the CHo group in propionic acid as being replaced by 
the amino group and one of the hydrogen atoms of the 

GH3 group as being replaced by indole. Thus the chemical name 
for tryptophane is f amino indole propionic acid. In the fatty 
acids ^e GH2 group nearest the GOOH group is called the t 
group, the next the ^ group, then the 7 group and so on, using 
Greek letters as shown below for propionic acid. 

GH^.GHs.GOOH 

^ c 

So far the origin and chemical nature of only five amino 
acids have been given, — ^glycine, alanine, phenyl alanine,, 

tyrosin and tryptophane. There is a large number however^ 
formed by permutations and combinations of different substances 
of varying degrees of complexity. Chemists have been able to 
combine some of the amino acids together to form other sub- 
stances in a regular series as will now be briefly described. 

Two molecules of glycine can be combined together with the 
loss of one molecule of water, to form a diamino acid or dipep- 
tide as it is called. When a number of amino acids are thus 
combined the resulting substance is called a polypeptide. More 
complex bodies built up on the same system axe known as 
peptones. Then as complexity increases the proteoses are 
obtained. The final protein has never yet been synthesized by 
this joining together of simpler bodies, although the famous. 
German chemist, Emil Fischer, succeeded in building up in the 
laboratory a substance containing many hundreds of atoms from 
simple amino acids, and although this substance did not con- 
form to any known protein, it nevertheless possessed the pro- 
perties of a protein. 

The significance of what has been said above in regard to» 
the complexity and variability of the proteins will be apparent. 
All proteins are built up from amino acids, and differ among 
themselves according to the number and complexity of the amino 
acids they contain, and although proteins have not actually 
been synthesized in the laboratory, they have been broken down 
and their individual amino acids studied. Once it is appre- 
ciated how complex and varied the proteins are by virtue of 
the various amino acids they contain, the importance of the 
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quality of the proteins fed to animals will be understood and 
the necessity for a mixed ration. 

For example, the protein zein of maize is lacking in two of 
the amino acids essential for growth, viz-, tyrosine and trypto- 
phane so that while maize is an excellent food when properly 
balanced by others it would be disastrous to feed a giwing 
animal with maize as the sole source of protein. These simple 
facts can be put differently, thus. Different proteins contain 
different amino acids. The flesh of animals also consists largely 
of protein, or in other words, amino acids. The animals’ food, 
therefore, must contain proteins which in the course of digestion 
will furnish those amino acids necessary for building or maintain- 
ing the animals’ tissues. Hence the term 'biological value’ 
applied to proteins and the necessity to take the quality of pro- 
teins into account as well as the quantity. 

We have thus seen that proteins are built up from amino 
acids, some being more complex than others, but all different 
Some lack essential amino acids many contain them. Some 
supply phosphorus or sulphur m addition to carbon, hydro- 
gen, oxygen and nitrogen The different types of protein will 
now be reviewed. 

Glassification of the Proteins 

Owing to our imperfect knowledge of their structure, and 
the extremely complicated nature of the proteins, it has not been 
possible to classify them according to any scheme based on 
chemical composition, such as is the case with the fats and carbo- 
hydrates. A somewhat arbitrary scheme, however, has been 
adopted, depending partly on physical and chemical properties, 
and partly on their source. This classification, adopted by the 
British and American Physiological Societies is as follows: 

The Simple Proteins 


The Albumins 

These (with the globulins) are among the most widely dis- 
tributed proteins both in the animal and vegetable kingdoms 
They are found in the lymph and blood stream, in eggs and 
milk as egg-albumin and lact-albumin, and they are also present 
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in small quantities in many seeds, such as wheat, barley, gram, 
peas, soybeans, etc. They are soluble in pure water and arc 
coagulated by heat. 
jB. The Globulins 

These are insoluble in distilled water but •soluble in dilute 
salt solutions and are coagulated by boiling. They are distri- 
buted similarly to the albumins, but are much more prevalent 
in seeds, in different species of which Osboine [1909] has 
enumerated 39 different globulin*?. 

€. The Gluieluu 

The most typical membei's of this group are the glutelm of 
wheat and orzyenin of rice. Others exist in other seeds and 
vegetables but the) are not well defined. The glutelins are 
insoluble in neutral solvents, but are soluble in acids and alkalis 
When a globulin changes its solubility and is changed into a 
protein such as the myosin of muscle it is classified as a ‘derived 
protein’, although nothing is known of the chemical changes 
which have come about, and although the resulting protein still 
has all the properties of the glutelins. 

D. The Prolamines (Gliadms) 

These are the characteristic proteins of the cereal grains, the 
chief of which are the gliadin of wheat and rye, the zein of maize 
and the hordein of barley. They are also found in vegetables, 
and are distinguished from the glutelins by their solubility in 
75 per cent alcohol. They are, however, insoluble in water, 
absolute alcohol and other neutral solvents. 

E. The Protamines 

These are basic substances which contain a high percentage 
of nitrogen but no sulphur, and are the characteristic proteins 
of ripe sperm cells and ova, and are apparently associated with 
nucleic acid in chromatin. They are easily soluble in water, 
insoluble in alcohol and ether, do not coagulate, and cannot pass 
across semi-permeable membranes such as parchment paper. 
Pepsin does not affect them but they are readil)" digested by tryp- 
sin and erepsin. 

One of the best knowm of the protamines is salamin of the 
ripe salmon sperm. Tt is said to have a formula, Gi5iHi55N430is 
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i.e., with a molecular weight of 204,^ or some multiple of this^ 
and contains over 30 per cent nitrogen. 

F. The Histones 

The histones are found in unripe spermatozoa and are the 
characteristic proteins of cellular tissues such as the glands. They 
are also found in the red blood corpuscles, the protein of heamo- 
globin being a histone combined with a non-protein radicle, 
haemin. They are precipitated by ammonia, form salts with 
the strong mineral acids, and combine readily with nuclein or 
nucleic acid. 

G. The Albuminoids (Scleropioteins) 

These belong to a heterogenous class of proteins found in 
the skeletal structure and connective tissues of animals and are 
characterized by their great insolubility in all neutral solvents. 
They are generally resistant to chemical reagents and to peptic 
and tryptic enzymes. Included in the group are gelatin,, 
collagen, which forms the basis of cartilage and bone, elastin 
found in ligaments and the keratins of epidermal tissues such 
as hair, wool, etc. Some of them appear to contain but few 
amino acids. 

For example, raw silk is a mixture of two proteins belonging 
to this class, silk gelatin and silk fibroin. The former is peptized 
by water under slight pressure and by dilute alkali solutions and 
constitutes from 15 to 20 per cent, of the weight of the silk. 
Silk fibroin has a very high content of three particular amino 
acids, vk., glycine, alanine and tyrosin, which make up about 
70 per cent of the raw silk. Silk gelatin is low in glycine content. 

An interesting member of this group is spongin which con- 
strues the skeletal protein of sponges and coral. Spongin con- 
tains no tyrosin, but a di-iodo salt of tyrosin, the iodine content 
being from i to 1.5 per cent. It is interesting to record in this, 
connection that the ancient Greeks considered that ground 
sponges had a beneficial action on goitre. This, like, many other 
crude beliefs of long ago, was ridiculed in scientific quarters 
till it was finally discovered that sponges contain a compound of 
iodine and tyrosin, which has proved to be an effective preven- 
tive of goitre, and dried ground sponges have found a place in 
the French Pharmacopoea as an official remedy. Many of the 
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keratins contain a high percentage of cystein, a sulphur contain- 
ing amino acid^ and human hair which is richer in this than 
wool, is generally used for preparation of cystein. 

Gelatin is worthy of special note as it appears to be the 
only protein which does not give specific immunological re- 
actions, and can accordingly be injected intravenously without 
producing deleterious effects common to other proteins, such, for 
example, as snake venoms which are protein in nature. Thus 
in the first world war gelatin was used in cases of haemorrhage, 
and was responsible for saving many lives, as it was capable of 
replacing the blood proteins which had been lost and helping 
to hold liquid in the blood vessels, and thus keep the volume of* 
the blood within normal limits. 

The Conjugated Proteins 

A. 'The N ucleo- proteins 

The members of this group consist of a simple protein such' 
as a histone or protamine combined with nucleic acid, and are* 
especially characteristic of both plant and animal cell nuclei. 
Their special point of interest is the phosphorus containing nucleic 
acid which, on being broken down, yields phosphoric acid with 
purine bases, pyrimidine bases and a pentose carbohydrate.- 
They are soluble in dilute alkalies but are precipitated by acids. - 

B. The Phosphopioteins 

These are combinations of proteins with a phosphorus con- 
taining substance other than nucleic acid, and must be distin- 
guished from the nucleoproteins. Typical examples are the 
caseinogen of milk and vittelin of the yolk of eggs. 

C. The Gluco oi Glycoproteins 

The glucoproteins are found chiefly in mucins and the* 
white of eggs, and are combinations of a protein with a carbo- 
hydrate group. They are soluble in dilute alkalies but not in- 
acids. 

D. The Chromopioteins or haemoglobins 

These are compounds of protein with haematin or some' 
similar substance and constitute the red colouring matter of 
blood-haemoglobin . 
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The Non-Protein Nitrogenous Substances 

Although all proteins contain nitrogen, not all nitrogen con- 
taining substances are proteins, and the existence is known of 
a large class of bodies in feeding stuffs wffich may sometimes 
account for one third to one half of the total nitrogen present; 
hence it is necessary to distinguish betw^een these and the true 
proteins. They are much less complicated in structure than 
the true proteins and of considerably less nutritive value. Mam 
are crystalline and readily soluble in water. 

Our know^Iedge of their exact nature is still incomplete but 
their more important groups are as follows: — 

A. Nitrogenous muscle extractives 

Such as creatin, creatinin and the purin bodies, xanthin and 
hypoxanthin, which form the basis of meat extractives and 
possess little or no nutritive value. 

B. Nitrogenous Lipoids 

These contain phosphorus, of which the lecithins arc an 
^example. The actual amount in plants and animals is small. 

C. Amino acids and amides 

These constitute the most important part of the non-protein 
nitrogenous bodies. Typical examples of the amides are, 
asparagin, (COOH.CH,NH2.CH>CO.NH2) , and glutamin. 
(COOH.GH2.CH,.CH.NH>CO.NH2), which are respectively 
the amides of aspartic acid (COOH.CH2 CH.NH2 COOH), and 
glutamic acid (COOH.CH^.CHo.GH^.CH.NHs.GOOH), both of 
which arc constituents of the protein molecule. Although the 
non-protein nitrogenous’ substances are sometimes referred to as 
amides, this is not strictly correct, as the term amide refers to a 
special type of compound of which asparagin and glutamin are 
the only two found to any extent in feeding stuffs. Most of the 
other substances in this category are not true amides at all, but 
are comprised of many amino acids and purine bases which 
make up the greater part. The non-protein nitrogenous sub- 
stances are especially abundant in young growing plant tissues 
such as fresh pasture, green fodders and soiling crops generally, 
which accordingly contain a considerable part of their nitrogen 
in the form of non-proteins. As the plant matures this propor- 
tion decreases progressively so that hay is relath^ely poor in non- 
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protein nitrogen. Roots and tubers, however, are an exception 
and contain a considerable part of their nitrogen in the non- 
pi otein form as a reserve for future growth. Silage which has 
undergone fermentation also shows an increase of non-protein 
nitrogen over the original material from which it was made. 

D. Alkaloids and organic bases 

Alkaloids are comparatively rare in plants although organic 
bases are more widely distributed. 

E. Glucosidcs 

These bodies are very common in the vegetable kingdom and 
contain nitrogenous compounds combined with simple sugars 
They have little or no nutritive value, but under the influence ot 
enzymes they may release hydrocyanic acid (prussic acid), 
which, as is well known, is a deadly poison. The sorghums when 
grown under drought conditions are particularly liable to 
develop glucosides to such an extent as to be fatal to cattle which 
eat them. (See also Chapter VIII.) 

Carbohydrates 

The carbohydrates, as their name suggests, are composed of 
carbon, hydrogen and oxygen, the latter two being in the same 
proportion as in water; hence on complete combustion only 
water and carbon dioxicie result 

In analysing feeding stuffs the carbohydrates are divided 
into two main groups, viz^^ the crude fibre which remains after 
treating the material with dilute acid and alkali, and the soluble 
carbohydrates, or ‘nitrogen free extract’ as it is called, which 
pass into solution. The former is generally supposed to be in- 
digestible although a certain proportion is actually digested, or 
more accurately fermented by bacteria in the intestinal tracts 
of animals, particularly sheep and otlier ruminants. 

Foods are classified as concentrates or roughages mainly on 
the basis of their crude fibre content, concentrates containing less 
than 15 — 20 per cent, and roughages more than this. Obviously 
the nutritive value of a food will largely depend on the relative^ 
proportions of these two groups. Crude fibre consists mainly of' 
celluloses, lignin, pentosans, etc., and performs a useful function 
in giving bulk to a ration and facilitating the digestive processes*. 



46 


FEEDING OF F-^RM ANIMALS 


Soluble Carbohydpates or Nitrogen Free Extracts 

This part of the foodstuff is not directly estimated in a 
chemical analysis, but is obtained by subtracting the sum of 
the crude fibre, fat, crude protein, ash and water from the 
whole. The carbonaceous foods such as the cereals, maize, root 
crops, etc., contain a high percentage of nitrogen free extract 
(N.F.E ) which varies considerably in different foodstuffs, and 
comprises the following main groups * 

r. The Moiiosacchandes 

These are simple sugars and include the pentoses, 
(CgHioOO, and the hexoses (GeHiaOs). The pentoses are widely 
distributed in nature and differ from the hexoses in not being 
fermented by yeast. The hexoses comprise: 

(a) Dextrose (or glucose or grape sugar) widely found in 
plant juices and root crops. It possesses the property of turn- 
ing a ray of polarised light to the right. 

(b) Laevulose (or fructose or fruit sugar), which turns a 
ray of polarised light to the left, but to a greater extent than 
dextrose turns it to the right, and is especially abundant in honey 
and plant juices where it occurs along with dextrose. 

(c) Galactose and mannose are isomers of dextrose and 
occur in nature only in combination as di- or polysaccharides. 

2 The Disacchandes (C12H22O11) 

The most important of these are: 

(a) Cane sugar (or sucrose) found chiefly in sugar cane 
and beet juice, in the sorghums, and in plant juices generally. 
Under the influence of acids or alkalies, or adverse biological 
conditions in the plant it becomes split up into dextrose and 
laevulose, thus: 

C12H22O11 + H2O = G 6 Hi 206 + CeHiaOe 

cane sugar water dextrose laevulose 

(dextro rotatory) (dextro rotatory) (laevo rotatory) 

(b) Lactose or milk sugar is characteristic of the milk 
of mammals, but is less soluble and less sweet than sucrose. 
During digestion or acid hydrolysis it yields galactose and 
r dextrose: — 
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G12H22O11 H2O G6lii206 + C6H12G6 

lactose galactose dextrose 

(c) Maltrose is produced by the action of certain fer- 
ments on starch during the germination of seeds, and hence 
is abundant in malt as an intermediary between starch and 
alcohol. It is also produced in the course of digestion of starch 
by animals. (See Ghapter III.) During the fermentation of 
starch the first products are dextrins, which in turn are converted 
into maltose, and finally the latter is changed into dextrose thus : 

GisHasOn + H2O = CeHisOe + G6H12O6 

maltose dextrose dextrose 

3. The Polysacchandes 

These comprise a wide variety of different substances of 
unknown molecular composition but all conforming to the 
general formula (GeHio05)n, where n is unknown. Many of 
them such as the dextrins, glycogen (liver sugar), and inulin 
found in dahlia roots, are tasteless amorphous substances, and 
are soluble in water, while some, such as the celluloses and 
starches, are insoluble in water. 

(a) The starches. These constitute one of the most 
important reserves of food material stored in the seeds, leaves 
and roots of plants, and each plant produces its own character- 
istic type, distinguishable from others by the particular conform- 
ation and markings of its granules. This readily enables flours 
and foods produced from different starchy materials to be identi- 
fied. Seeds possess enzymes which under favourable conditions 
of temperature and moisture convert the starch into sugar, viz., 
maltose, and eventually into glucose, for the nutrition of the 
young seedling. This is a parallel to the digestion in the animal 
alimentary tract to be described later. (Chapter III.) 

(b) Cellulose and Lingin. Cellulose forms the basis of the 
supporting walls of plant cells and the general skeleton of the 
plant. Cotton fibre is an elongated plant cell of almost pure 
cellulose, from which most or all extraneous protein matter, etc., 
has disappeared. As the plant matures the cell wall thickens 
and develops more cellulose intermingled with a group of num- 
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erous other substances of tougher nature allied to cellulose and 
known generally as lignins. These contain more carbon than 
cellulose and may be separated from the latter by oxidizing 
agents. 

Thus, as the plant matures the cellulose becomes changed in 
character and interspersed with tougher and less digestible 
material. In the analysis of a young plant, tiierefore, the 
major part of the cellulose may be accounted for in the nitrogen 
free extract, and but little in the crude fibre portion; while 
later the reverse is the case. 

Pure paper is almost pure cellulose, while wood in which 
lignin predominates may be reconverted into cellulose for paper 
making by appropriate treatment. 

(c) The Hemicelluloses, These bodies differ from true 
cellulose in that they are hydrolysed when boiled for only a 
short time. This results ultimately, not only in the production 
of dextrose (as with cellulose) but also of a variety of*other 
hexose sugars such as galactose, mannose and laevulose and 
pentose sugars such as arabinose and xylose (C5H10O5) in addi- 
tion, While the celluloses proper constitute the framework of the 
cell, the hemicelluloses which contain both hexosans (producing 
hexose sugars) and pentosans (producing pentose sugars) may 
be considered as furnishing a reserve of plant food material. In 
an ordinary analysis of feeding stuffs they appear partly in the 
crude fibre and partly in the nitrogen free extract. 

(d) The Dextrins. When starch is hydrolysed a series of 
intermediate bodies of varying composition called the dextrins is 
formed. They may be considered as intermediate between 
starch and the simple sugars, and are also produced in the 
plant by the action of cellular enzymes. They are also 
produced during the cooking of starchy foods, and the brown 
crust of bread is largely dextrin, and hence more digestible tharr 
the white undextrinized portion. 

(e) Glycogen is an approximate counterpart in the animal 
body to dextrins in the plant. It is a substance derived from 
starches and sugars and is stored in the liver as a reserve sugar 
to be called upon by the body when needed. 
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Fats and Related Bodies 

In performing an analysis of a feeding stuff the material 
after preparation is extracted with ether or other suitable solvent, 
and when the solvent is evaporated from the extract, the residue 
is recorded as ether extract or simply “^fat’. The fat content of 
a feeding stuff is of importance to the stock breeder, but the 
fat extracted during analysis and recorded as such contains other 
substances, which are not true fats, such as the lipoids, gums, 
wa?ces, etc., which are of little or no value as food. The pro- 
portion of these, however, is not usually large enough to be of 
great importance. In order to understand the nature of a fat 
it is necessary to revert to one or two simple chemical illustra- 
tions. Earlier in this Chapter there was mentioned in connec- 
tion with the proteins, the series of bodies known as the fatty 
acids, starting with formic acid (H.COOH)), then acetic acid 
(GH3COOH) and so on till the higher fatty acids such as 
palmitic acid (CnHsiCOOH) and stearic acid (Ci7H')5GOOH) 
are arrived at. The two latter enter into the constitution of 
hard fats, while soft fats and oils are characterized by a different 
acid, viz., oleic acid (CirH^'COOH), which is called unsaturat- 
ed because it is capable of having more hydrogen atoms put 
into its molecule. The process of hydrogenation of oils by 
\srhich liquid vegetable oils are converted into hard vegetable 
fats performs this operation. The soft oleic acid ccxitaining oils 
can thus be changed into hard stearic fats. 

If now a fat is taken and treated with soda (sodium hydro- 
xide) or potash (potassium hydroxide), the resulting product 
consists of a mixture df the sodium or potassium salts of fatty 
acids, depending on the fat, and glycerine. Glycerine is known 
as a trihydric alcohol because it contains three hydroxyl or OFI 

OH 

groups. Its formula is C,{H3.(OH) j or 
" OH 

This operation on the fat can therefore be expressed as 
follows : 

OHL 

C3H5(Ci,H,,COO), + 3 KOH =C,H,,fOH+ 3 CirH^^COOH 

OH 

fat or tristearin potash glycerine potassium stearate 

or soap 


D 
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The equation shows that an alkali salt of the fatty acid, or soap, 
and glycerine are formed by the action of alkalies on fats. 

The oils from oilseeds such as cotton seed, linseed, rape, etc , 
contain a high proportion of oleic acid in contrast to animal 
fats and some vegetable fats which contain more stearic and 
palmitic acids. 

Butter is characterized by its high content of those fatty 
acids which are soluble in water, viz , butyric, capric and capry- 
lie, and also oleic acid. It is of importance to stock breeders to 
mote that excessive feeding of feeds rich in the soft fats or oils, 
tends to produce in animals a soft fat which is specially undesir- 
able. 

In addition to the ordinary fats present in plants and foods, 
free fatty acids may also be present in varying degree specially 
in the early stages of growth. These are also likely to develop 
in feeding stuffs which have become damp and mouldy, due to 
an enzyme, lipase, present in tissue cells, which splits the fat into 
free fatty acid and glycerine. These free acids impart the 
characteristic musty odour and rancid taste to such materials. 

The oilseeds are particularly rich in fat or oil which con- 
tains a far greater variety of fatty acids than most animal fats, 
Xiinseed may contain over 36 per cent oil, cotton seed over 20 
per cent, while the oil content of palm nut kernels may be as 
high as 50 per cent. It is these high percentages which render 
large quantities of native oilseeds unsuitable for rations, and it 
is more usual to feed the oilseed cakes which contain only about 
5-6 per cent oil. This will be referred to again in Chapters 
IX-XV. 

The vegetable oils can be divided into three main groups 
according to their capacity for or rapidity in drying. The drying 
oils which dry readily include linseed and sunflower oils, the 
former being particularly rich in the unsaturated linolic and 
linolenic acids. The non-drying oils include olive oil, some 
rape oils and others, while the semi-drying oils include cotton 
seed oil and sesame oil. 

ablated substances 

In addition to the fats and oils present in plant tissues there 
are also present other substances of a fatty nature, including the 
waxes, and lipoids or sterols. 
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Waxes are the fatty acid esters of alcohols other than gly- 
cerine, that is to say compounds of glycerine and alcohols. Sper- 
maceti is a typical example and consists chiefly of the palmitic 
ester of cetyl alcohol CH3 (CH,)i4 CHo OH. 

Beeswax is a true wax containing the palmitic ester of myricyl 
alcohol CH3 (CH2) 2j CH2OH. Lipoids, although fatty in phy- 
sical properties are chemically alcohols, such as cholesterol 
(G27H45OH), found in animal tissues, and its counterpart the 
phytosterols found m the vegetable kingdom, such as sitosterol 

(C2^H459H). 

An important member of the sterol group is ergosterol 
(C2QH43OH), closely allied chemically to cholesterol, and which, 
on irradiation by sunlight or ultra violet light, constitutes 
vitamin D. 


INORGANIC 

Minerals 

That part of the plant or feeding stuff which is left behind 
after careful combustion during which all the water is driven off 
and the organic matter completely burnt away is called the ash. 

In the past, attention has been chiefly focused on the fat, 
carbohydrates and protein, or energy yielding parts of the feed, 
and little heed paid to the minerals which constitute a consider- 
able percentage of the oven dried material, and about 3 per cent 
of an animafs body weight. 

A considerable number of minerals is present in feeding 
stuffs, varying in quantity according to their nature. These in- 
clude calcium, phosphorus, sodium, potassium, iron, magne- 
sium, manganese, sulphur, chlorine, silicon and also to a lesser 
extent zinc, copper, iodine and no doubt microscopic amounts of 
rarer elements. It is not possible to say to what extent any or 
all of these exist freely as salts in solution in the cell sap, or 
as a part of complex organic molecules. It has, however, come 
to be realized in recent years that minerals play a fundamental 
part in the life of the plant, and what is perhaps more important, 
in the life of the animal. The ov^ner of stock is too prone to 
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concentrate attention on the protein and energy requirements of 
his animals and neglect the quantity and quality of the minerals. 
This onesided outlook has in the past no doubt contributed much 
to ill-health and disease among stock, and much more attention 
should be given to mineral requirements if animals are to be 
maintained in health and productive capacity free from tlie 
numerous and often ill-defined, malaises associated with the 
term malnutrition. 

It is known that a considerable number of minerals is essen- 
tial for animal health and that tiiese must not only be adequate 
in quantity, but well balanced. Naturally, these factors will vary'- 
with the purpose for which feeding stuffs are fed. For example, 
they will be different for a young growing anirnal, or a fully 
grown one and so forth. This is an important point to be taken 
into account in regard to mineral mixtures which are so piolific 
on the market. These mixtures are not necessarily made up 
with regard to any specific crop deficiencies or special mineral 
adjuncts which may be needed, and unless such factors are taken 
into consideration, the indiscriminate use of unspecified mineral 
mixtures may possibly be deleterious. 

It is likely that mineral deficiencies or defects in crops may 
not be reflected in adverse conditions of animal health for some 
considerable time, and perhaps too late to remedy them, although 
deficiencies in iron, calcium and phosphorus are likely to be 
among the earliest to become evident. 

A most important matter is the relative proportion of various 
minerals — or their ‘balance’. For example, certain minerals 
are basic in character, such as lime and potash, while 
others are acidic, e,g,y phosphoric acid, and an excess of tlic 
basic over the acidic elements or vice versa in the ration may 
have deleterious effects. It is essential that the pH of the blood 
{i.e., the hydrogen ion concentration) should be kept within 
narrow limits, and a satisfactory acid-base mineral equilibrium 
in the rations is necessary for this purpose. Again, apart from 
the ratio of total acids to total bases the inter-relationship 
between various minerals is of great importance. This is parti- 
cularly so in regard to calcium and phosphorus, and sodium and 
potassium. Should potassium be in excess in the food there 
is a tendency for sodium to be excreted in excess in the urine. 
It follows therefore that wbat might otherwise be a satisfactory' 
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sodium content may become a deficiency in the presence of an 
excess of potassium. 

It is not easy to say what constitutes the most suitable 
balance between the acid and basic groups, but a reasonable 
guide is to take the ratios as found in milk. These are as 
follows : 

Acid equivalents : Base equivalents = i.i : i 

Phosphoric acid (P2O5) : Lime (CaO) =1.5:1 

Ratio between soda and potash 

Soda (Na20) : Potash (K2O) = 0.7 : i 

As an example, taking these figures as a standard for refer- 
ence, the corresponding figures for berseem grown at Lyallpur 
arc: — 

P2O;; : CaO = 0.20 : t 

NaoO : K2O = 0.082 : i 

Corresponding ratios can be worked out for other rations or 
combinations of rations and by a judicious admixture a satis- 
factory balance may be obtained. It is important in this con- 
nection to note tliat the relative amounts of the different minerals 
\^ary with the stage ot growth of a crop, and the climatic features 
of the locality in which it is grown. This also applies to suc- 
cessive cuttings for a particular fodder. Examples illustrating 
this will be given in Chapter VI, and it will be noted that the 
calcium and phosphoric acid (and also die protein content) of 
fodders vary very considerably from month to month during 
growth. 

Potassium 

Potassium is found in all parts of the plant but especially in 
active growing parts and is indispensable for plant growth. 

Sodium 

Sodium is not indispensable, but is usually found associated 
with potassium in the stems and leaves of plants, but to a lesser 
extent. 

Calcium 

Calcium is found chiefly in the leaves and stems of plants 
but sparsely in the seeds. Legumes, leafy salads and some vege- 
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tables are particularly rich in calcium which is essential for plant 
growth. It occurs in all parts of the animal body but especially 
in the skeleton, the bones of which are composed almost entirely 
of calcium phosphate. The proper utilization of calcium is in- 
timately bound up with vitamin D as will be described later 
under Vitamins. 

It is worthy of note that the calcium in the ration is generally 
utilized more efficiently than the phosphorus. An interesting 
point, which will be enlarged on in Chapter VII, is the consider- 
able variation which occurs in the calcium-phosphorus content of 
plants during growth, the calcium and phosphorus on a dry 
basis being greater during the early stages than later on. Also> 
the variations in calcium are far greater than with phosphoru-^. 
This has an important bearing on the relative merits of controlled' 
grazing versus stall and hay feeding. 

Non-legume roughages contain less calcium than legumeSy 
and both are affected by calcium deficient soils ; cereal straws 
contain even less. Maize and sorghum silages approximate to* 
ordinary grass hays in calcium-phosphorus content, while roots 
and tubers are invariably low, especially in calcium. In fact it 
may be said that none of the common roughages are rich in phos- 
phorus as is shown in Appendix I. 

All cereal grains are very low in calcium, varying from o.o6 
per cent for maize, and 0.19 per cent for wheat, to 0.31 per 
cent for oats, but they are richer in phosphorus — ^maize 0.84 per 
cent, wheat 0.70 per cent and oats 0.81 per cent. 

Thus most of the protein rich concentrates of plant origin 
are much higher in phosphorus than the grains and roughagesy 
but none of them are rich in calcium. Wheat bran is specially 
rich in phosphorus containing 1.97 per cent, cotton seed meal 
1.2 per cent and linseed meal i.o per cent. The legume seeds 
are not as a rule very rich in phosphorus, soybeans having 1.64 
per cent, soybean meal 0.66 per cent and groundnut oil meal 
0.99 per cent. 

Corn gluten meal and distillers’ grains are relatively low in 
phosphorus containing 0.7 per cent and 0.4 per cent respec- 
tively. Milk being a natural food is rich in both calcium and 
phosphorus, while fish meals are among the richest of all com- 
mon feeding stuffs in both calcium and phosphorus. White 
fish meal has 10.50 per cent, calcium and 9.0 per cent phosphorus.. 
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The approximate percentages of calcium and phosphorus in 
common feeding stuffs are given in Appendix I. 

Ratio of Calcium to Fhosporous 

The importance of sufficient calcium and phosphorus in- 
feeding stuffs has been stressed, but the proportions in which 
they occur is also of significance. If there is a great excess 
of one over the other, detrimental effects may be produced, evert 
though the smaller moiety be present in otherwise adequate 
amounts. It is difficult to say precisely how this adverse effect 
is produced but it appears that the efficiency with which vitamin 
D can carry on its controlling function in calcium metabolism 
appears to be upset with an unsatisfactory calcium-phosphorus 
ratio. A satisfactory ratio is i to 2 parts of calcium to i of 
phosphorus, although much wider ratios have been found not 
to produce bad effects when vitamin D is adequate. 

Mention will be made later in this chapter of the occurrence 
of rickets in young animals, and osteomalacia in adults, in cases 
of calcium-phosphorus deficiency, either alone or combined with 
vitamin D deficiency. In rickets the blood calcium-phosphorus 
content is deficient, with the result that normal bone forma- 
tion is prevented and the bones become weak and deformed. 
Young cattle are very liable to suffer from this disease, the 
general symptoms of which are stiffness, bent and swollen knees 
and hocks and curvature of the leg and backbones, and there is 
usually a craving for such material as bones, and chalk of walls,, 
which provide the deficient minerals. Pigs are particularly 
liable to suffer from rickets unless properly fed. 

In osteomalacia, the causes and symptoms are similar, the 
main difference being that calcium a.nd phosphorus are drawn, 
from the skeletal structure to provide the minerals which the 
body demands. Whenever such cases occur attention should be 
given to the diet, oi a skilled veterinarian consulted and re- 
medial measures taken according to the principles above des- 
cribed. 

Magnesium 

Magnesium is essential for plant growth, and is found in 
all plant tissues, though in smaller amounts than calcium. It 
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is more abundant than calcium in seeds, and appears to have a 
specialized function in connection with seed formation. 

Manganese 

This occurs in plant thsucs to a small extent and appears to 
play some as yet unknown role in maintaining the liealth of the 
plant. Plants of the N, O. Solonaceac appear to be particularly 
susceptible to manganese deficiency in the soil which manifest^ 
itself in poor and kunted growth and liability to virus diseases. 

Iron 

Iron is a sfne qua von of all plant growth, as it is indispen- 
sable for the formation of the green chlorophyl by means of 
which carbon dioxide is assimilated from the air. A con'cs- 
ponding function in the animal is the formation of the 
red haemoglobin of the blood which is the agency for conveying 
oxygen to the tissues. Iron is thus one of the most fundamental- 
ly necessary minerals foi all life processes. 

Iron and Copper 

Iron and copper although present in the body in extremely 
small quantities — iron being present in the proportion of i : 
^25,000 by weight in the body — perform functions of fundamental 
importance and appear to work in unison. Thus while iron 
enters into the composition of the red haemoglobin of the blood, 
which constitutes the mobile oxidising agent of the body — 
copper does not. Yet copper is necessary to enable the body to 
produce this compound. 

In cases, therefore, where the ration is deficient in iron and 
•copper or both, a condition known as nutritional anaemia will 
result. It is interesting that copper which is a violent poison to 
cellular tissues, aboye a certain amount, is nev’-erthcless a funda- 
mental necessity in ultra minute quantities. 

As a rule the ordinary farm rations are not lacking in iron 
or copper but cases are on record in which cattle would not 
thrive in certain areas and became weak and emaciated, and 
many died. This disease, known as salt sick, is due to an iron- 
copper deficiency and can be cured by free access to a mineral 
mixture composed of 100 pounds of common salt, 25 pounds of 
red oxide of iron and i pound of finely ground copper sulphate 
— very thoroughly ground and mixed. 
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Milk which is the natural food of young animals is excep- 
tionally low in both iron and copper, but the young are gen- 
erally born with enough of both in their bodies to enable them 
to carry on for a certain time. 

In cases of prolonged suckling, however, trouble is likely to 
ensue owing to iron-copper deficiency, and a condition of 
anaemia mav result. This may be cured by feeding about one- 
eighth of an ounce of a mixture made as follows: 

135 grammes of ferric sulphate 
22] grammes of copper sulphate 
dissolved in 600 ozs. of winter. 


Fhospho'} us 

Phosphorus is another indispensable mineral ; not only docs 
it play an important part with calcium in building up bone tissues 
in*the animal, but it appears to be necessary for the proper form- 
ation and transportation of proteins, and also plays an important 
part in regulating fermentation processes. It is found chiefly in 
seeds, but also in lesser quantities in all parts of the plant. While 
a small amount of phosphorus does occur in the inorganic state, 
phosphorus is chiefly present in organic combination in the form 
of phosphatides or phosphorised fats, the nucleo-and phospho- 
proteins, and as pliytin, which is the chief phosphorus compound 
of seeds. 

Sulphui 

Sulphur is taken up by the plant in the form of soluble 
sulphates, but is largely transformed in the plant into organic 
combination in the formation of the sulphur containing proteins, 
in which form it is also found in the tissues of animals. 

Chlorine 

Chlorine is not apparently an essential of plant life though 
it is usually found in plants as ‘lodium chloride. In the animal 
it is essential for the formation of the gastric juice (pepsin hydro- 
chloric acid). 

Fluorine 

Fluorine occurs in varying proportions in feeding stuffs and 
is regarded as necessary for healthy plant growth [Susuki and Aso 
1903]. It is also claimed by Gautiar and Clausmann [1919] that a 



50 FEEDING OF FARM ANIMALS 

dressing of five kilogrammes of sodium fluoride per acre was 
followed by an increase in cereal crops of 5 to 18 per cent and 
sometimes considerably more in the case of roots. These observ- 
ations, however, lack confirmation. Very few data are available 
on the amount of fluorine present in crops but it is known that 
fluorine is a violent poison when taken into the body in con- 
siderable amounts or when very small amounts are steadily con- 
sumed over a long period of time. For instance, Mazumdar,. 
Ray and Sen, of tlie Animal Nutrition Section of the Veterinary'- 
Research Institute at Izatnagar [1943], have recorded cases 
simulating rheumatoid arthritis, which have occurred chiefly in 
places situated at altitudes between 600 to 1,200 feet above sea 
level in the vicinity of mountain ranges in Hyderabad, Madras, 
Bihar, Kangra, etc., near the sites of old volcanic regions or sul- 
phur springs, which on investigation proved to be due to inges- 
tion of excess of fluorine. This malady which aft'ects chiefly 
the teeth and bones may be distinguished from osteomalacia, as 
in the latter case, the calcium and magnesium content of the 
blood and bones shows a considerable reduction, but this does not 
occur when the attendant s-ymptoms are caused by excess of 
fluorine. 

The toxic effects of fluorine in producing this condition are 
of great importance because rock phosphates, or lime phosphates 
as they are sometimes called, which are used to some extent 
as a mineral supplement for farm animals, may contain as much 
as 4 per cent of fluorine. 

Reed and Huffman [1930] have found that when 1.5 per 
cent of rock phosphate was used in the concentrate mixture fed 
to dairy cattle the teeth became soft and wore down to such 
an extent within two years, that the cattle were unable to chew 
their food properly, and were so worn and painful that they 
could not even drink cold water. 

In this connection a matter of great importance both to 
the stock owner and human beings in general, is that during 
the manufacture of super-phosphate for fertilisers, most of 
the fluorine is not removed, and consequently long continued 
use of super-phosphate on land on which feeding stuffs are 
grown, may tend to an eventual accumulation of fluorine in the 
soil, which may be sufficiently great to affect adversely the teeth 
of animals or human beings using the crops for food. The 
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results produced will be much the same as when rock phosphates 
are used. 

Very little definite information is available on this subject 
but it is quite possible that many symptoms of disease or malaise 
or defective teeth formation which are still undiagnosed and un- 
explained may have their origin in the use of super-phosphate or 
other artificial fertilisers as has been pointed out in Chapter I. 
Iodine 

All plants contain minute quantities of iodine necessary for 
the body for the production of thyroxine, an iodine containing" 
compound secreted by the thyroid gland in the neck, which 
controls the general rate of metabolism in the body. When the 
iodine content of a ration is inadequate the thyroid gland 
enlarges to a great extent in an endeavour to manufacture the 
thyroxine needed by the body and the ordinary type of goitre 
is produced characterised by a heavy swelling in the neck. 

Young dairy cattle, pigs, lambs and foals are most likely to 
be affected, and in cases where iodine deficiency in the ration is 
prevalent the young may be born dead or extremely weak — and 
in the case of pigs, hairless. 

A safe preventive for goitre in localities and conditions in 
which it occurs, is to supply iodine to the mother sometime before 
parturition occurs. This may best be done by giving her access 
to iodised salt instead of ordinary rock salt. 

Iodised salt may be made by mixing one ounce of potassium 
iodide with three hundred pounds of rock salt. The iodised salt 
will thus contain 0.02 per cent of potassium iodide, and enough 
should be available to supply the mother with about two grains 
of potassium iodide per week. 

Excepting cases where goitre is known to be prevalent there 
should be no necessity to add iodine in any form to the rations 
of farm animals. Goitre is very prevalent in the Kangra dis- 
trict of +he Punjab and parts of South India. 

In addition to the foregoing, certain other minerals occur 
in the soil and are found in traces in plant tissues. Some, such 
as copper, zinc, cobalt and boron, have not been thoroughly in- 
vestigated and their functions are imperfectly known. Experi- 
mental evidence, however, indicates that they have an important 
role to play in plant and animal metabolism. Boron certainly 
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appears essential for the tobacco plant, and copper in trace doses 
with iron proves beneficial in eases of anaemia in pigs. There 
are undoubtedly other elements present in the soil and in plant 
tissues in traces only which can only be determined by spectro- 
graphic analysis, but which may nevertheless base some un- 
known function to perform. Much research is still needed to 
throw further light on this problem and also on the possible 
•effects which artificial fertilisers may have in rendering them 
unavailable to the plant by precipitating them in tlie soil in in- 
^oluble form. 

The quantitative distribution and the biological ‘significance 
of the elements as yet unrecognised as of value in tfic biologic 
c^cle and of the so called bare elements’ is still as unexplored a 
field, as vas the domain of vitamins a brief half centur))’ ago 

THE VITAMINS 

What aie lltamiiis ? 

At the beginning of this century nobody had heard of 
vitamins, and oven to-day there is much popular contusion as to 
their nature, even among farmers, and there is a tendency to 
regard them as rather mysterious entities distributed in food- 
stuffs rather like currants in a bun. The argument is sometimes 
heax-d that animals got on very well before they w ere discovered, 
so why all the bother about them now! The ansv^cr is that 
before the existence of vitamins was known a vast number of 
human beings and also animals suffered from ill health or actual 
disease as a result of vitamin deficiency witliout anyone know- 
ing the reason why. Correspondingly vast numbers were fit and 
healthy because their diets or rations happened to be sufficiently 
natural and well selected. The same argument applies with no 
less force to-day in spite of the advancement of knowledge and 
the availability of vitamins in medicated form. 

Let it be stated at the outset that vitamins are chemical sub- 
stances, just as water, or fats or mineral salts arc, the main 
differences being that some of them are very complicated in 
chemical nature, and that they are distributed in foodstuffs in 
^extremely small quantities. For example, it has been seen that 
lipoids or sterols are associated with fats in plant and animal 
tissues, and that one of them is ergosterol, of a known empirical 
chemical composition, uf:., C2-H41OH. When this substance is 
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exposed to ultra violet light it takes on new properties and the 
activated substance is known as vitamin D. Similarly, vitamin 
C is a comparatively simple organic acid known by the popular 
name of ascorbic acid. Its chemical name is hexuronic acid and 
its formula is or 

GHoOH.CHOH : CH.C (OH) = G (OH) .GO 

1 O 1 

The existence of these substances, which later became known 
as vitamins, was first brought to light by the discovery of the 
fact that when the materials of which ordinary feeding stuffs 
are composed, fats, carbohydrates and proteins, were very 
carefully purified so that nothing else could be present, and were 
fed to animals together wdth pure mineral salts, growth did not 
occur and the animals ultimately died. Hence they were at first 
called accessory food substances, because they were necessary as 
adjuncts to the then ordinarily accepted feeding stuffs. Para- 
doxical as it may appear, although most of the experimental w^ork 
on vitamins has been carried out on small animals, animals in 
general are less susceptible to vitamin deficiencies, than are 
human beings, or perhaps it would be more accurate to say that 
their rations are on the whole less likely to exliibit vitamin defi- 
ciency. The only serious deficiencies which are likely to occur 
in the usual rations of farm animals are in vitamin A and 
vitamin C. 

With the advance of knowledge a considerable number of 
xdtamins is now known, but for simplicity and convenience they 
may be designated as A, B, C, D and E, although B is really a 
complex of two (or more) separate vitamins railed Bi and Bo, 
the latter being sometimes referred to as vitamin G. Vitamin 
D is also now known to be a complex. These five best known 
vitamins are divided into two groups known as the water soluble 
vitamins and the fat soluble ones, because of their association 
with or solubility in water and fat respectively. To the latter 
class belong A, D, and E, and to the former B and C. 

Vitamin A 

Sources 

Vitamin A is found in both animal and vegetable tissues. 
Chief among the former are oils and fats, particularly halibut 






Fig, 3. Graphs showing the amount of vitamin A (in Moore’s Blue 
Units) per 100 cx. of milk from^ 5 experimental Montgomery Cows 
at Lyallpur during a whole lactation (1942). 
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liver oil and cod liver oil, the livers of certain other varieties 
of fish, butter, the cellular tissues of animals, milk and its pro- 
ducts, and eggs. The fat of the pig, however, does not con- 
tain vitamin A if the animal has been fed on rations lacking it, 
or if the lard has been refined. Widi the exception of palm 
kernel oil, vitamin A is present only in traces in vegetable oils 
and fats, in moderate amounts only in cereals, although cereals 
possess the power to synthesise this vitamin during gennination 
and sprouting, but it is found in abundance in green pasturage 
and forage plants, vegetables, green leaves and to a lesser extent 
in fruits, chiefly in the form of its precursor carotene. 

Herbivorous animals are thus able to obtain sufficient vitamin 
A, both for their own requirements and for the milk they 
secrete, if given plenty of green roughage or well cured legume 
hay. There appears to be some relationship between this 
vitamin and plant metabolism, for the greener the plant, the 
more vitamin A it contains. The outer green leaves of cabbages, 
lettuces, etc., for example, are richer in vitamin A than the inner 
paler ones. The animal body is unable to synthesise vitamin A, 
altliough it can convert carotene, its precursor present in the 
ration, into vitamin A, but there is evidence that certain animals 
can synthesise other vitamins. The body can, however, store 
it in certain tissues of the body, notably the liver, and hence 
can remain in good healtii for considerable periods of time should 
a period of vitamin A sufficiency be succeeded by one of deple- 
tion. Correspondingly it is possible considerably to increase the 
vitamin content of milk and eggs by feeding with vitamin A 
rich rations. 

It has been pointed out that there is a definite relationship 
between the pigmentation of plants and vegetable products and 
their vitamin A content. These pigments are varied in number 
but one of them, carotene, is now known to be the parent or 
precursor of vitamin A, so that when we speak of vitamin A in 
pigmented plant products it is generally the parent substance or 
pigment carotene that is meant, and when eaten it is converted 
into, and stored as vitamin A. Yellow maize is very rich in the 
pigment carotene, whereas white maize contains practically none. 

Vitamin A is necessary for growth and the well being of 
animals, and is sometimes known as the growth promoting or 
anti-infectivc vitamin. If a young animal is deprived of it for 
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any length of time it becomes restive and ceases to grow and 
develops a characteristic disease of the eyes known as xeroph- 
thalmia. In the adult animal similar conditions develop and 
general malaise sets in. This can be cured if treated in time,, 
but long continued deprivation of the vitamin is likely to produce 
permanent effects. 

The explanation of eye and other corresponding diseases in 
vitamin A deficiency is as follows: — 

There are two main types of nerve fibre and nerve cells in 
the peripheral and central nervous system: 

(a) The motor nerve cells which originate, and the motor 
or efferent nerve fibres which conduct motor impulses from 
the central nervous system of the various muscles of the botdy 
which cause movement. For example, in walking the motor- 
impulse starts unconsciously in a part of the cerebral cortex 
known as the motor area and is conducted along the motor 
nerve fibres to the muscles of the legs. These cells and fibres 
are not affected by vitamin A deficiency. 

(b) The afferent or sensory nerve fibres are connected with 
sensory surfaces such as the skin, the conjunctiva of the eye, 
the retina of the eye and similar tissues. These fibres conduct 
sensory impulses from the exterior to the various cells with which 
they are connected in the central nervous system. In vitamin A 
deficiency these nerve fibres and nerve cells become damaged, 
and in serious conditions become completely destroyed. The 
fibres and cells govern the nutrition, tone and general health 
of the sensory surfaces with which they are connected. Thus 
in vitamin A deficiency the sensory surfaces of the eye become 
damaged because the nerves which govern them are injured. 
Xerophthalmia is a typical instance of such damage. 

Another well-known example of the result of mild vitamin A 
deficiency is night blindness. The retina of the eye contains 
certain cells which govern the capacity to see in feeble light, and 
in vitamin A deficiency their efficiency becomes impaired and 
they do not function properly in feeble light or semi-darkness. 
In serious conditions of vitamin A deficiency the whole retina, 
and in due course, the optic nerves and the cells in the cerebral 
cortex governing sight may be damaged and ultimately destroyed 
and blindness may result. 

E 
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All epithelial tissues, of which the alimentary tract is 
another example, are similarly weakened by vitamin A defi- 
ciency, and may ultimately show lesions which permit the 
ingress of pathogenic organisms. It is on this account, and 
by virtue of the function of vitamin A in maintaining the health 
‘Of these tissues and the body generally, that it has been called 
the anti-infective vitamin. 

Vitamin A is destroyed in the presence of air or oxygen. 
This fact has an important bearing on the storage of dairy pro- 
duce such as butter and cheese, whose outer layers if exposed 
to air, even in cold storage, may become devoid of vitamin A 
and take on a bleached tint. Any agency which tends to facili- 
tate oxidation will also destroy vitamin A. Quick heating of 
milk and other foods, however, is not harmful, provided air is 
excluded. 

Poultry and dairy cattle are very susceptible to vitamin A 
deficiency in their rations. Cotton seed cake is deficient in this 
vitamin and the so-called cotton seed poisoning said to ensue 
after feeding the cake may be due to vitamin A deficiency com- 
bined with an otherwise unbalanced ration. 

In chemical constitution vitamin A is supposed to be an 
alcohol closely related to cholesterol, and the following formula 
which has been assigned to it illustrates its chemical nature: 


C CH=CH-C= CH-CH= Ct 




CH 


I 3 

C = CH-CHg. Oh 
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Vitamin B 

'The vitamin B complex, [Vitamins Bi, and B2 or G,) 

There is sometimes confusion in the use of different European 
and American forms of terminology in regard to this vitamin. 
It may be explained that when the original vitamin B, as it was 
called, was shown to be a complex consisting of one entity 
known as the anti-neuritic vitamin, because it prevents beri 
beri in humans and polyavian neuritis in birds, and another 
knov-m as the anti-pellagric factor which prevents pellagra, 
European workers designated these respectively Bi and B^ 
although they are not necessarily related. It was then pro- 
posed by the Americans that as the part called Bi was discovered 
by Funk, and B2 part by Goldberger, they should be called res- 
pectively vitamins F and G (a natural patriotic sentiment!). 
This would have left no B’s in the vitamin nomenclature and so 
to-day, although the previous Bi and B2 are now recognised as 
B and G in America, these terms are not always used in Euro- 
pean literature which still sticks to Bi and B2, or Bi and G. In 
this discussion they will be referred to as Bi and B2, but for 
reference it may be remembered that: 

B2, (or G) European = B, American. 

Bi, European - G, American. 

Vitamin Bi {Anti-N euritic) 

Beri beri is a very common disease in the East and is found 
chiefly among people whose staple article of diet is polished rice, 
i.e.j the grain wifli its outer cuticle and germ removed. The 
‘symptoms of the disease are a type of paralysis which ultimately 
affects the whole body and causes death. Similar symptoms 
can be induced in birds and animals when fed polished rice or 
other rations deficient in vitamin Bi. Fowls, for example, can 
be afflicted with the disease when kept on such rations for as 
•short a time as a fortnight. The addition, however, of a small 
quantity of rice polishings or yeast, or pther material containing 
vitamin Bi, will effect a most remarkable recovery and the birds 
can be restored to health in a very short time. Prolonged afflic- 
tion, however, is more difficult to cure whether in humans, birds 
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or animals as the deficiency causes degenerative changes in the 
nervous system^ responsible for the paralysis and other struc- 
tural and metabolic disturbances particularly of the hearty supra- 
renal glands and other organs of the body. There is also general 
impairment of appetite, when animals are fed vitamin Bi defi- 
cient food, which has led to its being called a growth promoting 
vitamin, although Bi and B2 have both been shown to be neces- 
sary for normal growth. Vitamin Bi is of special interest as 
it is found in considerable quantities in yeast, indicating that 
very low forms of life can synthesise it. Certain bacteria present 
in the rumen of the cow can also synthesise it, which renders that 
animal to a considerable degree independent of its rations for 
its vitamin Bi supply. 

Vitamin Bi is found extensively in cereals, egg yolk, rice 
and maize, pulses, nuts, peas, lentils, milk, and in fresh vegetables 
and fruit. The embryos of grains usually contain much more 
than the rest of the seed, and hence any milling operation which 
removes the germ produces a vitamin deficient flour. This 
applies also to vitamin E. Although such manufactured pro- 
ducts have other important nutritive values, it should always be 
remembered that they are deficient in vitamins and that natural 
foods are always better than manufactured ones. Another 
important point to remember is that vitamin Bi is destroyed by 
heat and by the action of alkalis. Even natural foods, parti- 
cularly grains and cereals, are known to lose their anti-neuritic 
properties to a considerable degree when heated to the tempera- 
ture of boiling water or above, for half an hour. Hence a cer- 
tain quantity of natural uncooked foods should always form 
part of the dietary. Unlike vitamin A, however, vitamin B is; 
not affected by aeration. 

Vitamin B2 {Antipellagric) 

It was discovered that when yeast was autoclaved or heated^ 
it still possessed a water soluble vitamin which had the property 
of stimulating growth and appetite, although the autoclaved 
yeast no longer possessed the power to ameliorate neuritic con- 
ditions. It was also disqovered by Goldberger and co-workers 
that this residual vitamin, which had been unaffected by heat had 
the specific property of preventing and curing human pellagra 
and a corresponding disease in dogs known as black tongue. 
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These maladies occur most commonly among the poor in 
many countries, especially among people who subsist largely on 
maize or rice, and are characterised by loss of hair, hyperaemia 
and ulceration with haemorrhage, gastro-intestinal disturbances 
and changes in the central nervous system. This connection 
between the disease and the heat resistant vitamin left in the 
yeast endows the latter with very specific properties — hence its 
name anti-pellagra vitamin (or vitamin B2). It is difficult to 
dogmatise on the functions of this vitamin in nutrition though 
its growth inducing aspects appear to be connected with the 
stimulation of appetite, but as far as is known the whole B com- 
plex is necessary for normal growth, and young growing animals 
should be fed liberal amounts of these vitamins to ensure good 
health and maximum growth. 

Although vitamin B2 appears to be distributed in nature with 
vitamin Bi, yet there is considerable variation in their relative 
distributions. Its chief sources are milk (which is richer in B2 
than in Bi) yeasts, cereals (wheat and maize are poor in Bo), 
animal tissues, vegetables and fruits. In general, however, seeds, 
grains and roots are relatively poor in vitamin B2, but rich in 
vitamin B3, while the reverse is the case for foods of animal 
origin such as meat, milk and eggs. Yeast, is rich in both 
\itamins, but like other plant materials is relatively richer in 
vitamin Bi. 

Very little ®is yet known concerning the chemical nature of 
the vitamins Bi and Bo, although they appear to be chemically 
related and contain the element sulphur in their molecules. 


Vitamin C 

It has frequently been the case that some simple remedy has 
been adopted to cure a disease in the absence of any accurate 
knowledge about the actual curative substance involved. An 
example of this is the chewing of cinchona bark by the natives of 
South America as a remedy for fever, although the fact that 
the alkaloid quinine in the bark was responsible, was of course, a 
sealed book to them. Similarly in the old days of sailing boats 
when fresh fruit and vegetables were difficult to get, and long 
voyages were common, sailors developed scurvy, a disease 
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characterised by loss of appetite and weight, accompanied by 
pain in the joints, sores and capillary haemorrhages. It was 
found, however, that a small amount of lemon juice, or better 
orange juice, effected a miraculously quick recovery. 

It is now known that the prophylactic and curative agent in 
the juice is vitamin C or antiscorbutic acid (hexuronic acid) . 
Susceptibility to scurvy is apparently confined to man, monkeys 
and guinea pigs, and the disease appears to be largely one, involv- 
ing capillary haemorrhage. Other animals appear to be immune^ 
and this immunity apparently takes the form of an inherent 
capacity of these animals to manufacture vitamin C in their 
bodies. For example, it has been found that if rats are fed for 
many months on a vitamin C deficient diet — which would have 
killed guinea pigs — and they are then killed and their livers fed 
to guinea pigs suffering from scurvy, the guinea pigs recover in 
sufficient numbers to indicate that the rats must have been able 
to synthesise vitamin C in their body tissues. 

Farm animals undoubtedly also possess this power, as the 
presence of vitamin C in the livers of calves and chickens, and 
in the milk of cows fed vitamin C deficient diets, may be taken 
to show that these animals are also able to synthesise this vitamin 
from its precursor in grains and seeds, but under natural condi- 
tions of feeding they should’ obtain an adequate amount of this 
vitamin for their needs. 

Vitamin G is essentially a product of the vegetable kingdom 
and is present in immature seeds, in seeds during germinationy 
fruits and vegetables, water cress and green leafy vegetables. 
The freshly pressed juices from all these plants are also rich in 
vitaimin C. 

Oranges, lemons and tomatoes are particularly rich in vita- 
min C, but it has been shown that alkalis and oxygen tend to 
destroy if; so the use of alkalis and undue exposure to air 
should be avoided when cooking vegetables. 

Modern conditions of canning fruits and vegetables have 
overcome these difficulties, and freshly canned products proper- 
ly prepared are but little inferior in vitamin content to the 
natural article. Time and temperature, however, are factors 
which gradually bring about a diminution of the vitamin during 
stor^e of the produce — ^though this is retarded somewhat by 
acidity. 
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Fresh fruits and vegetables lose a certain amount of their* 
vitamin content during storage due to respiratory oxidation^ 
continuously in process in living tissues. Vitamin G is very sensi- 
tive to environmental conditions, and although it is readily de- 
stroyed by heat, the presence of acids or alkalis and oxygen may^ 
considerably modify the effects of heat one way or the other,, 
and the importance of oxidation should always be borne irt 
mind. Vitamin C U destroyed during the bacterial acid fer- 
mentation of materials originally rich in this factor, so that 
silage, in which any appreciable bacterial fermentation has 
occurred, is not an antiscorbutic ration. Vitamin G has now- 
been prepared in tablet form from the concentrated products 
of tomato and lemon juice, and is sold as a commercial phar- 
maceutical article. One of the quickest rough and ready* 
methods, however, of obtaining it, which was employed by the* 
British Army during the first World War, is slightly to germinate 
seeds such as the pulses. The writer has found that wheat kept 
moist and allowed to germinate for 24 hours had its vitamin G 
content increased by 600 per cent. 

It has been shown by workers in England and the U.S.A. 
that the pulp of teeth deteriorates when diets deficient ini 
vitamin G are taken over any length of time, and that dental 
caries and pyorrhea respond to dietary correctives such as lemon, 
juice, oranges, tomatoes and lettuces. There is no doubt that 
much dental trouble k caused by vitamin and other dietary de- 
ficiencies, both pre-natal and post-natal, and that a stricter 
adherence to dietary hygiene at early stages would do much to 
rectify the amazing amount of dental trouble which afflicts most 
civilised peoples. 


Vitamin D 

Vitamin D — the antirachitic vitamin — ^is a preventive of 
rickets, a disease which has been known for long, and is prevalent 
among children and young animals. Bone is chiefly composed 
of calcium phosphate, and there is a very close relationship 
between the bone forming function of calcium and phosphorus 
and vitamin D. In rickets normal ossification of the bo-nes 
does not take place, and they become soft and cartilaginous. 
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with the result that the general skeletal structure becomes mis- 
■shapen. A similar disease known as osteomalacia occurs in 
adult animals. When normal and rachitic bones respectively 
are split longitudinally, and examined after treatment with silver- 
nitrate, they show conspicuous differences. Normal bones have 
a well calcified metaphysis and the epiphyseal cartilaginous line 
is smooth and narrow. In rachitic bones the metaphyses are 
ill formed and the epiphyseal line is wide and irregular owing 
to faulty calcium and phosphorus deposition. 

Mellanby [1934] produced experimental rickets in dogs which 
he was able to cure by the administration of cod liver oil, and 
concluded that it was essentially a dietary disease and could be 
cured by an improved dietary regime. At the time of 
Mellanby’s experiments the only fat soluble vitamin then recog- 
nised was vitamin A and it was not till McCollum and his co- 
workers [1922] demonstrated that when cod liver oil was heated 
in contact with oxygen, it retained its antirachitic properties 
after the xerophthalmia preventing properties due to vitamin A 
were destroyed, that the existence of a separate fat soluble 
vitamin related to rickets was discovered. 

The origin of vitamin D 

Vitamin D appears to be formed universally in all plant and 
animal tissues by the action of sunlight or ultra violet rays lying 
in that part of the ultra violet spectrum between wave lengths 
260 — 300 million the class of bodies known as the sterols, of which 
crgosterol and cholesterol are examples, and the origin of 
vitamin D is explained by its relationship to these bodies. The 
possibilities of the formation of vitamin D are therefore limited 
only by the prevalence of the necessary rays, and the presence of 
the precursors — the sterols. 

Until comparatively recently ergosterol was the only mem- 
ber of the sterols which was known to be capable of activation, 
and conversion through a number of intermediary products into 
vitamin D (calciferol), thus: — 

Ergesterol — lumisterol — protachysterol — tachysterol — ^vitamin 
D, the final vitamin being isomeric with the original ergosterol. 
So long as ergosterol was the only known pro-vitamin D, it was 
assumed that all vitamin D of animal or vegetable origin was 
activated ergosterol. Many other sterols, however, are now 
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known to act as pro-vitamins and are capable on activation by 
the same rays which activate ergosterol, of being transformed 
into antirachitic substances similar in action to vitamin D (calci- 
ferol). The most important of these, and the only one of biolo- 
gical interest is 7 -dehydrocholesterol, which, when activated is, 
in modern nomenclature, known as vitamin D3 which is isomeric 
with the pro-vitamin, 7-dehydrocholesteroL According to the 
same nomenclature irradiated ergosterol is now known as 
vitamin D2, while vitamin Di is a molecular combination of 
vitamin D2 and lumisteroL 

Vitamin D is therefore a complex, and the most important 
part of this complex for vertebrate animals is not irradiated 
ergosterol (vitamin D2) as formerly thought, but irradiated 7- 
dehydrocholesterol (vitamin D3). 

This fact has an important bearing on farming practice, be- 
cause while vitamins D2 and D3 are equally efficacious for human 
beings, vitamin D2 or irradiated ergosterol has little effect on 
bone formation in poultry or dogs. 

It is therefore better to give fish liver oils to poultry as a 
source of vitamin D rather than other material which would 
supply chiefly irradiated ergostrol, as fish liver oils are richer in 
that part of the vitamin D complex known as vitamin D3 (irra- 
diated 7-dehydrocholebterol) . 

All plant and animal tissues contain elements of the pro- 
vitamin D complex, as is well known by the fact that plant 
tissues and foodstuffs can be irradiated, when they assume anti- 
rachitic properties, and the exposure of patients suffering from 
rickets to ultra violet light induces curative effects due to the 
conversion of the sterol pro-vitamins in the epidermal cells 
into their corresponding vitamins, which are then absorbed into 
the blood stream and the lymphatics. Vitamin D is found in 
most fish oils, particularly halibut and cod liver oils, in animal 
fats and in yeast and the yolk of eggs, whereas fruit and vege- 
tables are deficient in it. Vitamin D is characterised by resist- 
ance to heat and aeration. 

Function of Vitamin D 

Rickets is not entirely a vitamin deficiency disease, and 
vitamin D does not have the same specific relationship to rickets 
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that the other vitamins have with the diseases with which they 
are associated. 

The relative proportions of calcium and phosphorus in a 
ration are also important factors in connection with the etiology 
of rickets, and one of the functions of vitamin D appears to be 
to maintain a physiological balance in the blood between calcium 
and phosphorus quite independently of what the food may com 
tain. The vitamin therefore is most essential when the food is 
unbalanced in its calcium-phosphorus content, and plays an 
even greater part in regulating the metabolism of phosphorus 
than that of calcium. 

Precisely how vitamin D acts in regulating mineral meta- 
bolism is not clear — the ultimate explanation of biological opera- 
tions can never be attained — but it appears to control the normal 
intestinal and tissue pH acid base equilibrium) and regu- 
lates absorption and excretion along the intestinal tract. It faci- 
litates the absorption of calcium and phosphorus from the in- 
testines into the blood stream so that these minerals may become 
accessible for the developing bones, and it also enables the 
bones to utilise the calcium and phosphorus present in the blood. 
In the absence of vitamin D the bones cannot utilise the minerals 
of the blood even if calcium and phosphorus aie injected in 
excess. 

In India, if animals are fed reasonable quantities of fresh 
green fodders, including legumes, and get plenty of sunlight, 
they should not suffer from rickets or osteomalacia. The disease, 
however, is far from unknown among animals in this country and 
when it occurs should be treated on a dietary basis in relation- 
ship to general mineral metabolism. 

Vitamin E 

The existence of vitamin E was first discovered in 1922 by 
Evans and Bishop [1922] who announced that they had been able 
to induce sterility in rats by feeding them with diets which, at 
the time, were considered to be satisfactory with respect to all 
the then known vitamins. They found that a very characteristic 
form of reproductive failure occurred, although in all other res- 
pects the rats appeared to be in excellent health. Although 
ovulation took place and the foeti were implanted and appeared 
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to start normal development, yet, sooner or later, the functions^ 
of the placenta failed before parturition, with the resulting deatii 
and absorption of the implanted foeti. When certain natural' 
foods were added to the experimental diets it was found that 
sterility did not result, and correspondingly sterility could be 
cured by the addition of natural foods to afflicted animals. 

These workers, therefore, concluded that as the diet appeared 
to satisfy all the other physiological requirements of the body it 
must be lacking in some special factor regulating reproduc- 
tion. 

Evans [1925] has also recorded a special type of sterility, which' 
may be permanent, in the male rat due to destruction of the^ 
germ cells. This develops much more slowly in the male than 
in the female, although permanent sterility is much more rare in 
the female. 

Our knowledge of vitamin E deficiency is still very scanty, 
and it has been contended by some workers that normal re- 
production is not dependent on any one vitamin such as E, but 
that other dietary factors are also needed, and that diets deficient 
in vitamin A have also produced characteristic forms of sterility. 
It appears that vitamin A plavs an important part in bringing 
about normal ovulation, whereas in the absence of vitamin E 
normal ovulation occurs, but the placenta fails to perform its 
normal reproductive functions. 

The work of Evans and co-workers has resulted in a techni- 
que by which it is possible to determine whether oestrus is occur- 
ring or not, whether fertilisation has occurred, and whether 
breeding is likely to result. That is to say it can foretell 
whether young will be born, and if sterility is present, the type of 
sterility responsible for failure of the reproductive process. 

Vitamin E occurs widely distributed in natural foods, and’ 
although it is soluble in fats it is not exclusively confined to the'- 
fat containing parts of plants but is found in abundance in green 
leaves and particularly in lettuces. Its most concentrated' 
sources are the embryos of wheat, oats and maize and the most 
concentrated preparations have been obtained from wheat germ 
oil. In these preparations nevertheless the vitamin exists merely* 
as an impurity and it has not been extracted in the pure state. 

Cotton seed oil which has been hydrogenated also contains 
the vitamin in moderate quantities. Many animal tissues. 
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r contain vitamin E, although not in concentrated form, especial- 
ly muscle tissue, liver and milk, particularly milk fat, though 
eggs are lacking in it. It is also found in certain fruits such as 
• oranges, tomatoes and bananas. In fact, nature seems to have 
provided for a very extensive distribution of this factor for the 
performance of one of her most vital requirements — reproduc- 
tion — and provided animals are fed well-distributed natural 
rations, nutritional sterility due to lack of vitamin E should not 
'be of great importance, particularly with domestic animals, 
which usually obtain a considerable proportion of cereals and 
green fodders in their rations. 

Properties 

Vitamin E is remarkably resistant to heat, light, aeration 
.and ordinary chemical reactions, and can be distilled in steam. 
It is not affected by ordinary oxidising agents, but the chemical 
oxidation of fat or its oxidation products exerts a destructive 
f effect on the vitamin and prevent it performing its normal func- 
tions, [Evans & Burr 1927.] On the other hand, it is unaffected 
by the hydrogenation of fat as is shown by the fact that hydro- 
genated cotton seed oil still contains it. 

Little is known about its chemical nature and although con- 
‘centrated preparations have some of the properties of the sterols, 
it does not appear to belong to any of the known members of 
‘that group of bodies. It appears to be associated in some at 
present unknown way with iron, and the death of the embryo 
in cases of vitamin E deficiency is supposed to be connected with 
'disturbances of iron assimilation. In spite of the association of 
vitamin E with sterility, whatever may be the facts as regards 
farm animals, it does not seem to be associated with poor dietaries 
among human beings as those classes who stand nearest the 
"bottom of the economic and dietary scales are usually most pro- 
lific, and \yhatever other defects their diets may exhibit, an 
.anti-sterility vitamin appears not to be among them. 

Speaking generally, although vitamins are of such profound 
^scientific interest and play such an important part in dietary 
and rationing regimes, the average farmer need not worry un- 
duly about them if he manages his animals on rational lines and 
allows them plenty of sunlight, and a well-balanced mixed 
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ration with plenty of green stuffs. Special attention should be* 
paid to stall fed animals in localities and seasons when green 
stuffs may be scarce, and this also applies to poultry, pigs and 
calves reared on artificial foods. Provided the rations include 
green fodders, particularly legumes (containing vitamins A, G 
and D), bran (containing B and E), and reasonable quantities of 
yeast (containing B) and fish liver oil (A and E) and similar 
rationing materials, when required, vitamin deficiency among 
farm animals should be the exception rather than the rule. 

Natural Versus Artificial Vitamins 

Ordinarily farm animals obtain all the vitamins they need!, 
from their rations, provided these contain sufficient quantities- 
of green fodder and good quality hay, and the question of sup- 
plying artificial vitamins does not arise. , 

It may have occurred to some people to ask, in connection 
with human nutrition, whether the artifically prepared vitamins 
which are available to-day have the same nutritive value as those 
occurring naturally in food. The answer is definitely yes. Some* 
vitamins such as vitamin Bi, vitamin B2, vitamin G and vitamin 
E are now prepared synthetically in the laboratory. Vitamin D 
can be prepared by irradiating the pro-vitamin ergosterol, and 
vitamin A by concentrating it from certain fish oils, which are 
very rich in this vitamin. 

The different vitamins, whether occurring naturally or 
whether prepared artificially in the laboratory, have definite 
chemical constitution and their properties depend on the con- 
stitution and not on the source from which they are derived. 
Any difference between a well balanced natural diet rich in 
vitamins and one lacking in vitamins, but which has been forti- 
fied by the addition of synthetic or otherwise artificially pre- 
pared vitamins, may be explained as follows: — 

Artificially prepared vitamins may be employed to remedy 
specific vitamin deficiencies, as when vitamin Bi is used to 
fortify white wheat flour. A diet which is badly balanced in 
vitamin content may be deficient in more than one vitamin, and 
naturally it would require a range of more than one vitamin to 
remedy this defect. On the other hand well balanced natural 
food usually contains all the vitamins required. It is, there- 
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fore the range and the quantity of vitamins present in a natural 
well balanced diet which makes this superior to a vitamin defi- 
cient diet fortified by added vitamins, and not any inherent 
differences in the value of natural and artificial vitamins. Fur- 
thermore, it is highly probable that natural food stuffs contain 
vitamins which have not yet been discovered. Diets which are 
deficient in one or more of the already known vitamins may 
also be deficient in the as yet undiscovered vitamins. It is 
therefore obvious that in this latter respect the addition of cer- 
'tain artificial vitamins will only partially remedy the defect, and 
the diet will still not be as suitable from a vitamin point of view 
.as a well balanced natural one. This in no way detracts from 
■the very great value of synthetic or otherwise artificially pre- 
pared vitamins, which may be employed to remedy specific 
■vitamin deficiencies in the human or animal dietary. 

rUE VITAMINS 


.FAT SOLUBLE A. 


Animal sources. 


Vegetable sources. 


■Vitamin A deficiency 
causes : — 


^Chemical nature. 
WATER SOLUBLE B, & 


Oils and fats, butter, halibut liver 
oil, cod liver oil, cellular organs of 
animals, milk and its products, 
eggs. 

Oils and fats (traces) ; cereals, 
vegetables, green leaves, fruits, 
(chiefly as the precursor carotene) . 

Retardation of growth, ophthalmia 
metabolic and specific tissue 
changes, intestinal lesions, changes 
in the pH of the blood, gall stones, 
lowered resistance to infection, with 
special susceptibility to infections 
of the lungs. 

A sterol allied to cholesterol or 
ergosterol. Is destroyed by aera- 
tion. Resistant to heat. 

B. Antineuritic. Not destroyed by 
aeration. Destroyed by heat. 
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Sources of Bi 


Sources of B2. 


Vitamin B deficiency 
causes : — 

Vitamin Bi deficiency 
causes: — 


WATER SOLUBLE C. 


B2. Antipellagric, resistant to heat, 
growth promoting. 

Cereals and yeast. The yolks of 
eggs, fresh vegetables and fruit. 
Pulses and nuts, peas and lentils, 
milk. 

Milk (richer in B2 than in Bi). 
Yeast. Cereals (Wheat and maize 
poor in B2) . Animal tissues (rich) , 
vegetables and fruits (Spinach, 
Tomatoes and bananas particularly 
rich) . 

Beri beri, structural and metabolic 
derangement, especially of the 
nervous system, and the heart. 

Pellagra, retardation of growth, 
gastro-intestinal disturbances, skin 
lesions, and degenerative changes 
in the central nervous system. 
Anti-scorbutic. 


Sources. 


Vitamin C deficiency 
causes: — 

FAT SOLUBLE D, 
Sources. 


Chemical nature. 


Produced during the germination 
of seeds. It is also present in fruits 
and vegetables (high), water cress 
and green leafy vegetables, animal 
tissues (low), milk (low) ; boiling 
destroys it. 

Scurvy. Readily destroyed by 
oxidation and alkalis. 

Antirachitic (Prevents rickets). 

Cod liver oil and other fish oils, 
and animal fats. Yeast and the 
yolks of eggs. Fruits and cereals 
(deficient) . Produced in the sur- 
face cells of the body as a result of 
the action of sunlight or ultra violet 
rays. 

Irradiated ergosterol. 
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Rickets, disturbances in cellular 
metabolism, disturbance of normal 
testinal and tissue pH. It is not 
easily destroyed by heat, and re- 
sists oxidation. 

Controls reproductive efficiency. 

Wheat germ oil (potent), green 
leaves, lettuce (potent). Animal 
products ( negligible ) . 

Disturbances in the reproductive 
processes which are considered to 
be associated with defective assi- 
milation of iron. It is unaffected 
by heat, light or aeration. 
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CHAPTER III 


DIGESTION, ABSORPTION AND UTILIZATION 
OF FOOD 

Having reviewed the chief classes of material which enter 
into the composition of foodstuffs, the changes which they under- 
go during digestion, their methods of absorption and the func- 
tions which they subserve in the animafs body may now be 
discussed. 

The animal organism may, in some respects, be likened to 
an engine. Fuel is supplied in the form of food, just as coal or 
petrol is supplied to the engine, and this provides the animal 
with energy or heat, and the efficiency of the fuel in both cases 
depends on the degree to which it can be converted into energy, 
and in both cases waste products result. ITiere the analogy 
ends, however, as the animal is able to utilize part of its own 
structure in cases of necessity to provide heat and energy (in- 
terchangeable terms), and it also uses the fuel or food to build 
up its body, perform work, and produce various products, such 
as milk etc., for the use of its young, other animals and man. 

The object of digestion is to convert the — ^for the most part 
— ^insoluble constituents of the food into soluble ones which can 
be absorbed into the blood sti'eam and used. A moment’s re- 
flection on the nature of the foodstuffs fed to animals, and the 
products obtained from them will indicate the complexity of 
the chemical changes involved. For example, the complicated 
proteins of the fo^ have to be converted into simple soluble 
nitrogenous compounds, which are in turn built up into tissue 
proteins and animal products; the insoluble starches and other 
carbohydrates must be converted into glucose, and fats changed 
into soluble soaps and glycerine, before being rebuilt into tissue 
fat. The process of digestion therefore results in the various 
chemical substances discussed in Chapter 11, present in the food- 
stuffs, being broken down and simplified in the alimentary 
canal. A selective activity then comes into play on the ulti- 

8i 
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mate products of digestion; some are absorbed into the blood 
stream and used by the living tissues whilst others are excreted 
in the faeces. In this connection, the organs of digestion, the 
secretions they produce, the effects of these on the foodstuffs, and 
the ultimate fate of the digestion products of the food can now 
be reviewed. 

The organs of digestion 

The simplest digestive operation may be seen in the unicel- 
lular amoeba. When this lowly organism comes into contact 
with a particle of matter which can serve it as food, it forms a 
depression into which tlie particle sinks and the rest of tlie cell 
then closes round it, and, acting as a primitive stomach, pro- 
ceeds to digest it, the undigestible residue being then discarded 
by reverse movements of the amoeba. In the course of evolution 
the animal body has developed very specialised organs to per- 
form the digestive functions, which are linked together to form 
the complicated digestive apparatus of tlie higher animals. 

The mouth 

The mouth is the organ of mastication into which the juice 
of the salivary glands which perform the preliminary stage in 
the digestive of that carbohydrates is poured. This juice is 
secreted by three pairs of glands, the parotid, the submaxillary 
and the sublingual, and contains a special amylytic ferment, 
ptyalin, the active constituent, which acts best in a neutral 
medium, neither acid nor alkaline, and converts starch into 
maltose. The salivary juice has, in addition to its chemical 
action, a special function to perform in moistening and lubricat- 
ing the food, for which purpose the amount required is often 
very large, depending on the degree of dryness of the food, and 
amounting in the case of the horse or cow to as much as loo lb. 
per day. Hence the necessity for a liberal water supply to farm 
animals. 

The stomach 

The formation of the stomach differs in the case of ruminants 
(cattle, sheep and goats,) which have a four chambered stomach 
and chew the cud, and non-ruminants (horses, pigs, cats, dogs, 
etc.,) which have, like human beings, but a single stomach, and 
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do not chew the cud. Ruminants, which are generally mild 
animals, seem to have been specially endowed by nature to eat 
quickly large quantities of roughage, often of a fibrous nature, 
after which they can retire to a spot safe from the depredations 
of wild animals to remasticate and digest at leisure. Such 
animals as horses and pigs, however, need a ration comparatively 
low in fibre content, as the latter contains but little nutriment. 

The compound stomadi of a ruminant (Fig. 4) consists of 
four chambers: — 

X. The Rumen or Paunch where the saliva starts to act. 

5 >. The Reticulum or water reservoir. 

3. The Omasum — directly communicating with the oeso- 

phagus via the oesophageal canal. 

4. The Abomasum. 


ossopMcas 




WMBH 



abomasum ASTICULUM 

Fig. 4. — Stomach of a Ruminant 


The first three chambers constitute in reality an anatomical 
enlargement of the oesophagus, analogous to the crop of the 
chicken, whilst the fourth chamber is the stomach proper. In 
the first stage of rumination although liquid feeds may pass 
directly into all four chambers, the more solid feeds enter the 
rumen direct, which, owing to its capacity, can hold a consider- 
able quantity oi material, and also into the reticulum, though the 
latter serves more as a source of water for moistening the food 
in the rumen. 
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The more liquid portion of the food may now pass directly 
on to the omasumj but when the animal has finished feeding the 
majo-r and more solid part is resurged into the mouth by con- 
traction of the walls of the first and second stomachs for thorough 
chewing, and is then again swallowed. 

This time the thoroughly masticated food by-passes the first 
and second chambers vta the oesophageal canal and enters the 
third stomach wheie it is squeezed and ground between the cor- 
rugated folds of the stomach walls, and finally passed into the 
abomasum where it is acted on by the gastric juice. The four 
stomach chambers of the ruminants may, therefore, be said to 
subserve respectively the functions of a preliminary reservoir of 
food, a reserve chamber for moisture, a grinding or mixing 
chamber, and a final digestion chamber. 

In non-ruminants the food passes direct to the one stomach 
for digestion by the gastric juice (Fig 5) 



Fio 5. — Stomach and Duodenum of a Horse 
A— GBsophagus B—Cardiac portion. C— Fundus D— Pylonc Region. 
E — Duodenum 


THE GASTRIC JUICE 

The stomach may be considered as a receptacle which chums 
up the food and prevents too rapid an entrance into the m- 
testmes where the chief actions .take place. The walls of the 
stomach are lined by simple tubular glands which differ in 
appearance and function in the fundus and pyloric ends The 
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ducts in the fundus end secrete a digestive enzyme pepsin, and 
also hydrochloric acid irom specially differentiated cells, while 
those of the pyloric end secrete pepsin only. The pepsin is 
formed from a precursor — ^pepsinogen — and the active gastric 
juice consists of this proteolytic enzyme acting in conjunction 
with the hydrochloric acid, t pepsm-hydrochloric acid. This 
active enzyme bnngs about the first stage in the breakdown or 
digestion of proteins and produces proteoses and peptones and 
possibly some polypeptides, though the final digestion of pro- 
teins is reserved for the proteolytic juices of die intestines. The 
ducts of the stomach also secrete a ferment, rennet, which in- 
duces the coagulation of the caseinogen of milk and converts it 
into casein. Rennet is specially plentiful in the stomach of the 
calf — the chief commercial source of rennet — and constitutes a 
provision of nature to enable the calf to digest its natural food, 
milk. 


7HE INTESTINAL JUICES 

While the digestive glands of the stomach lie in the stomach 
walls, most of those secreting the intestinal juices lie in organs 
outside the intestines into which the juices are conveyed through 
ducts. The gastric juice is acid, but the intestinal juice is alka- 
line. When the gastric contents reach a certain degree of 
acidity the pyloric muscle closing the entrance from the stomach 
to the duodenum relaxes and permits the entrance of the 
stomach contents into the small intestine A remarkable chain 
of reactions is now set in action, initiated by the intestinal cells 
at this stage secreting an enzyme into the blood stream whidi 
is conveyed to the pancreas, which in turn is stimulated thereby 
to secrete the pancreatic juice, and at the same time the liver 
is stimulated to secrete bile. Also the ducts lining the intestinal 
canal secrete a specialised enzyme. We have therefore to con- 
sider: — 

(a) The pancreatic secretion. 

(b) The bile. 

(c) The intestinal juice proper 
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(a) The pancreatic juice 

In the case of the horse and sheep the pancreatic duct and 
die bile duct open into the duodenum by a common exit (or 
entrance) 5 while in cattle and swine the pancreatic duct opens 
lower down than the bile duct. The pancreatic juice '^’hich is 
secreted contains three digestive enzymes : — 

1. The proteolytic enzyme^ trypsinogen, which is the pre- 

cursor of trypsin, the active agent, and acts on proteins. 

2. An amylytic enzyme, amylase, w^hich acts on starch and 

other carbohydrates. 

3. A lipase, steapsin, which acts on fats. 

It is possible that the latter two also enter tlic duodenum as 
precursors of the actual active enzymes. Concurrently with these 
activities the intestinal glands secrete an activising agent known 
as entero-kinase which converts the trypsinogen into the active 
trypsin, so the stage is now set for pancreatic digestion in the 
intestines. 

{h) The bile 

Bile is secreted by the liver, a large gland lying immediate- 
ly below the diaphragm on the right side of the body. 
The juice secreted by the liver cells passes into small capilliaries 
which unite into small ducts and these finally imite into the bile 
duct which, as noted above, joins later on with the pancreatic 
duct in horses and sheep and conducts the bile into the duodenum 
a short distance from the stomach. In cattle and swine tlie bile 
is stored in the gall bladder a reservoir from which a duct leads 
directly into the duodenum. Sheep also possess a gall bladder, 
but the horse does not. 

The chief functions of the bile are, firstly, to bring tiie fats 
into a finely emulsified condition so that they may be more 
readily acted on by the lipolytic enzymes, and secondly, to effect 
some deg^ of saponification. It also assists in precipitating 
pepsin which is present, thus preventing this enzyme from digest- 
ing the pancreatic enzymes and the bile, which would otherwise 
occur, since these substances are protein in nature. 
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(<:) The intestinal juice proper 

The walls of the small intestine contain a very large number 
of two specialised types of gland known as the glands of Lieberk* 
kuhn and Brunner^s glands respectively; these secrete a number 
of specific digestive enzymes which act chiefly on carbohydrates 
and derived proteins. These enzymes are: — 

y. Maltase, which acts on maltose converting it into 
dextrose. 

2. Sucrase, which converts cane sugar and sucrose into 

dextrose and laevulose, 

3. Lactase, converting lactose into dextrose and laevulose. 
and 4. A proteolytic enzyme, erepsin, which does not act on 

native or unchanged proteins, but completely breaks 
down the derived proteins, such as proteoses, pep- 
tones, etc., into their constituent amino acids. 

The contents of the stomach are thus neutralised by the in- 
testinal juices and, while digestion and the absorption of diges- 
tion products are proceeding, are gradually moved along by 
the peristaltic action of the intestine walls towards the large 
intestine. 

In the large intestine the consistency of the alimentary canal 
contents becomes more solid due to absorption. There are also 
present in the large intestine — ^more so than in the small — ^very 
large numbers of bacteria, and a considerable part of the crude 
fibre of the food is digested by them. This process is often 
designated bacterial fermentation in the intestines. The fibre 
is broken down into various organic acids which are absorbed, 
and various gases, such as me^ane, hydrogen, etc., which are 
excreted. 

Bacterial activity is far greater in ruminants than in non- 
ruminants, so that a ruminant with its complex stomach and 
high intestinal bacterial fauna can be fed a far greater proportion 
of roughages in its ration than a non-ruminant. 

That part of the food which has escaped digestion by the 
various digestive enzymes and by bacteria is finally voided as 
excreta. 

We may now examine in a little more detail the chemical 
processes involved in converting the raw material of the food into 
the material comprising the tissues of the animal body, and 
animal products. 
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THE DIGESTION OF PROTEIN AND NON-PROTEIN 
NITROGENOUS BODIES 

Digestion in the stomach 

It was^seen in Chapter II, in the discussion on the composition 
of proteins, that they were ultimately built up of a considerable 
number of amino acids of varying degrees of complexity, and tfiat 
intermediate between the native, or whole proteins at one end, 
and amino acids at the other, a considerable number of inter- 
mediate products was formed during digestion, such as the meta- 
proteins (acid or alkali proteins), proteoses, peptones and poly- 
peptides of diminishing complexity. The gastric juice takes the 
digestion of proteins only as far as the peptones (and possibly 
some polypeptides), but does not produce amino acids. The 
final stage of protein breakdown is reserved for tlie trypsin of 
the intestinal juice. The gastric juice also splits up the conju- 
gated proteins into their protein and non-protein parts, and the 
protein is then acted on in the normal manner. 

Digestion in the intestines by trypsin 

The chief active proteolytic Bgent operating on proteins in 
the intestines is trypsin formed from its precursor trypsinogen, 
secreted by the pancreas. The activation of trypsinogen is per- 
formed by an activating agent, enterokinase, formed by the cells 
of the intestinal walls following the entry of the pancreatic juice 
into the intestines. It acts in much the same manner as, but 
more energetically and thoroughly than pepsin, and produces a 
considerable quantity of pure amino acids altfiough its action 
in this respect needs to be completed by erepsin. 

Erepsin is a proteolytic enzyme formed in the intestinal cell 
walls, and acts somewhat differently from pepsin and trypsin in 
so far that it cannot act on native proteins but assists in breaking 
down that part of the protein molecule which is unaffected by 
trypsin or pepsin. 

The final products of the digestion of proteins are thus the 
relatively^ simple amino acids which* are then absorbed through 
the intestinal cell walls into the blood stream. 

The nucleo proteins are similarly digested by the tryptic and 
peptic enzymes, and the nucleic acids which result are acted 
upon by a series of nucleases {Le., nuclei splitting, correspond- 
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mg to lipases, or fat splitting), the final products being phos- 
phoric acid, pentoses and various bases belonging to the purin 
group. 

It has already been seen that the intestines contain an enorm- 
ous number of bacteria, and many of these, which act in an 
alkaline medium, exert a putrefactive action on proteins which 
increases as the lower part of the intestines is reached, 
and diminishes again as the faeces become more solid. 
The products of bacterial decomposition are ammonia and 
various evil smelling substances sucJi as indole and skatole, in 
the case of the carnivora, which may be absorbed to a consider- 
able extent through the intestine but have no nutritive value, but 
rather a toxic action. The body protects itself against this 
poisonous action, however, by immobilising them in combination 
with other substances such as sulphates, in which foim they are 
excreted in the urine as etherial sulphates. 

The non-protein nitrogenous substances are much simpler 
in structure than the pure proteins, and resemble in many cases 
the ultimate digestion products of the latter. It has been 
assumed, therefore, that their digestion is a simple matter and 
amounts to little more than absorption into the blood stream 
for the ultimate use of the tissues. They have been shown to 
be more particularly abundant in green fresh fodders and other 
roughages, and appear to fulfil wider functions than mere absorp- 
tion. 

For example, alimentary bacteria are particularly numerous 
in the rumen of ruminants, and the non-protein nitrogenous 
substances being more readily attacked by b?xteria than the 
true proteins, appear to serve the double function of acting as 
a readily available food supply for the bacteria, and, in conse- 
quence, protect the more valuable true proteins from bacterial 
decomposition before the digestive juices can perform their work. 

Again, bacteria being present throughout the alimentary 
canal, the supply of readily available sources of food in the non- 
protein substances enables them to multiply and perform their 
specialised duty of fermentation of the carbohydrates of the 
food, particularly the less digestible parts. 

The non-protein substances may also serve as an indirect 
supply of protein to the animal by being built up into protein in 
the bacterial cells, which are themselves in due course digested 
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by the proteolytic enzymes, and so serve as protein^ amino acids 
from an originally non-protein source. Evidence is still vague 
as to the precise nutritive value of the non-proteins of food- 
stuffs, and an ultimate estimate could perhaps only be found by 
studying the amino acid yield of all the nitrogenous matter,, 
protein and non-protein (crude protein), of feeding stuffs, or 
comparing the relative efficiency of the latter for maintenance 
and growth. Hence, while the non-protein nitrogen has un- 
doubtedly a certain food value, the true protein is taken by 
many workers as the basis of protein value 

The digestion of fat 

The digestion of fat is accomplished by the combined physi- 
cal process of emulsification and the chemical process of saponi- 
fication. The former is aided by the presence of free fatty acids 
and is brought about by the action of the bile. This favours the 
development of a greatly increased fat surface, thus facilitating 
the chemical process of saponifaction brought about by the steap- 
sin of the pancreatic juice in the intestines. In this process free 
fatty acids and glycerol are formed, and the former further aid 
in the emulsification process. The two processes thus mutually 
assist each other. It has been maintained that the steapsin is 
first activated by the lecithin contained in the bile, but the bile 
certainly assists in fat digestion by its capacity to absorb con- 
siderable quantities of fatty acids and their soaps. 

The digestion of carbohydrates 

Most of the carbohydrates present in the feeding stuffs of 
farm animals, chiefly in the fibrous parts, consist of the group 
known as polysaccharides, including cellulose, starches, and the 
various pentosans. The disaccharides and monosaccharides are 
comparatively scarce except in certain crops such as beet, sugar- 
cane and the sorghums. 

The cellulose part of the plant was for long assumed to be 
indigestible, but later investi^tions have shown that the crude 
fibre of feeding stuffs is partially digested in ruminants such as 
cattle and^ sheep, and in some non-ruminants. This is not 
true digestion, however, and takes place chiefly in ffiose parts 
of the digestive tract where food stagnates, Le.^ in the rumen, and 
the caecum and colon. It is in precisely these portions of the 
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alimentary canal that the greatest number of bacteria are foundj, 
and it is these facts which have led to the view that cellulose 
digestion is in reality a bacterial feraientationj particularly as 
heavy ingestion of crude fibre by cattle leads to a great increase 
in intestinal gas production (carbon dioxide, methane and 
hydrogen) . 

Cellulose does not appear to be attacked by any of the diges- 
tive en2ymes of the higher animals, and the salts which are 
formed from the organic acids produced during fermentation 
appear to be the only possible nutritive factors which are derived 
from cellulose. 

The pentosans, which are universally present in vegetable 
matter, and, as already stated in the previous chapter, occur in 
botii the crude fibre and the nitrogen free extract, appear to be 
digested to a considerable extent by most farm animals. Their 
digestion, however, appears to be in the nature of a bacterial 
fermentation like that of cellulose, as no known pentosan enzyme 
has yet been discovered. 

Pentosans constitute more than one third of the digestible 
organic matter in wheat straw pulp, and the methane produced 
during its digestion has been found to be proportionate to the 
total digestible crude fibre and nitrogen free extract which 
naturally includes the pentosans. This would indicate a bacterial 
fermentation rather than a true digestive process, and the pro- 
ducts of the digestion of pentosans are very much the same as 
those from cellulose. 

The hemicelluloses, or reserve carbohydrates of the cell wall, 
also appear to be fermented in much the same way as the pen- 
tosans and yield much the same products. The bacteria which 
attack the pentosans, cellulose and the hemicelluloses may also 
ferment any starch which escapes the action of the ptyalin of the 
salivary juice and the amylopsin of the pancreatic juice, and 
finds its way to the caecum or colon, the chief seat of fermenta- 
tion, for example, in the horse. 

Digestion of starch 

(a) In the mouth and stomach 

The first stage in the digestion of starch occurs during the 
brief stay of the food in the mouth. Here, at a temperature 
of about 40^0, the starch of the food comes into contact witb 
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the ptyalin of the saliva, which acts best in a neutral medium 
and is inhibited by acids and alkalis. The first stage in digestion 
is the conversion of tlie starch into various dextrms which are 
lultimately changed into maltose, at which stage the action stops. 
If starchy foods are cooked or partially dextrinised, digestion is 
more rapid as the heating has already performed the first stage. 

When the masticated food arrives in the stomach, the gastric 
juice inhibits further ptyalin activity as soon as a certain degree 
of free acidity (HCL) has been reached. In the horse and pig, 
however, owing to the peculiar configuration of the stomach in 
the horse, and the fact that the left hand end of the pig’s stomadi 
contains no peptic glands, the hydrochloric acid of the gastric 
juice takes a considerable time before it reaches the mass of the 
food, and ptyalin digestion of starch may proceed for several 
hours. This is even more pronounced in the case of ruminants 
which secrete only a little ptyalin, since the food remains in 
the rumen for a long time in contact witli die large amount of 
saliva secreted. 

(b) In the intestines 

Any starch which has not been acted on by ptyalin comes 
into contact with the pancreatic enzyme amylopsin, when the 
food reaches the duodenum, and is there converted into maltose. 

Digestion of the disaccharides and monosaccharides 

The animal organism cannot directly utilise any of ihe di- 
saccharides, comparatively simple though they arc, and if they 
are introduced directly into the blood stream they are excreted 
unchanged in the urine. It has already been seen in Chapter II, 
that they all have the same general formula, C12H22OU, and 
that when hydrolysed, Le., heated with dilute acids or alkalis, 
they take up one molecule of water, and are converted into two 
simple monosaccharides. Very much the same thing happens 
in the alimentary canal. The hydrochloric acid of the gastric 
juice can, and does to some extent, hydrolyse or invert the di- 
saccharides. The chief inversion, however, takes place in the in- 
testines by a series of enzymes known as the invertases, each of 
which appears to be specific for its own particular sugar. Thus, 
cane sugar or invert sugar is acted upon by the enzyme sucrase, 
yielding dextrose and laevulose; maltose, resulting from the 
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ptyalin digestion of starch is acted on and split up by maltase, 
yielding dextrose only, while lactose, or milk sugar is split up 
by lactase, and yields dextrose and galactose. These inversions 
appear to take place chiefly in the epithelial cells lining the in- 
testinal lumen 

It will readily be seen that the monosaccharides need no diges- 
tion. Like the amino acids in the case of the proteins, they are 
the ultimate products of carbohydrate digestion, and when 
assimilated into the blood stream are at once available for what- 
ever demands the body has for them. 

Digestion of the minerals of the food 

In determining the minerals, or ash as they are sometimes 
called, in a feeding stuff in the laboratory, all the minerals 
which existed both in the free, or electrolytic form, and also 
those which existed in organic combination, such as the sulphur 
in the cystein molecule of the proteins, are included. In natural 
digestion each of these groups has to be taken into consideration. 
Little, however, is known about the digestion of these substances, 
but &e free salts appear to be more or less freely absorbed 
direct into the blood stream. It also appears extremely probable^ 
as far as present knowledge goes, that the sulphur of the pro- 
teins and the phosphorus of the nucleo-proteins are also absorbed 
into the blood stream, still in organic combination with the 
amino acids into whose composition they enter. 

We have thus seen that all feeding stuffs are made up of 
certain definite groups of materials, and that in the course of 
digestion they are broken down into a number of simpler sub- 
stances which are capable of being absorbed through the walls 
of the intestines and passed into the blood for the direct use of 
the animal. It now remains to trace briefly how this latter 
operation is effected, and the special uses or functions which the 
various products of digestion subserve. 

Resorbtio7i 

Anatomically speaking the products of digestion are still 
outside the body until they have been absorbed into the blood 
and lymph by Ae process known as resorbtion. The small in- 
testine is the special part of the alimentary canal through which 
this process takes place, and if its epithelial lining were care- 
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fully straightened out and examined under a magnifying giasa. 
it would be seen to be covered by an enormous number of little 
‘hillocks’3 somewhat resembling, to use a rough analogy, the 
rough surface of the familiar circular rubber pads used on toilet 
tables. These small hillocks or protuberances are called Villi, 
and are covered by epithelial cells. Each villus contains in its 
interior a network of chyle vessels linked up with a larger centra! 
vessel, and all these ultimately unite to join up with the main 
lymphatic system. In each villus tliere is also an intricate rami- 
fication of small arteries and veins which finally unite into 
larger vessels which join up with the main blood stream. The 
general configuration of these vessels is seen below : — 



The products of digestion are passed across die epithelial 
cells of the villi into the vascular system within, and ultimately 
into the larger lymphatics or blood vessels, but precisely how this 
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is effected is still a matter for debate, and chiefly a matter of 
physiological interest rather than of concern to the practical 
farmer, but it may be stated in general that the transfer takes 
place by virtue of the inherent function of the living epithelial 
cells. The products of digestion of the carbohydrates, proteins, 
organic acids and salts appear to pass directly through the epith- 
elial lining into the blood capillaries in the membrane, and thence 
via the portal vein to the liver. The fats on the other hand enter 
the lacteal vessels of the villi, but physiological speculation is 
still rife as to whether the products of fat digestion are reformed 
into fats before the transfer across the epithelial lining, or 
whether they are reformed in the epithelial cells themselves. 
Sujffice it to say that the fats are resorted into the villi and then 
pass via the lympthatics to the thoracic duct, 

A stage has now been arrived at when the products of the 
digestion of food are directly available for the .animal and the 
particular uses to which each is put in the animal economy may 
now be considered. 

THE UriLISATlON OF FOOD 

It is a matter of considerable importance to the stockowner 
to know how the different foodstuffs available for different pur- 
poses can best be utilised. The functions of the different groups 
of food materials considered in the previous chapter vary to a 
considerable degree. One of the most important functions of the 
food is to build up the body and keep the various tissues in 
repair; this is done mainly by the proteins and minerals of the 
food. For this purpose the proper type of proteins, minerals 
(and water) are all essential, and none can be neglected without 
detriment to the animal. Another function of the food is that 
performed mainly by the various groups of fats, carbohydrates 
and to a less extent the proteins, and is to supply the body with 
a source of potential energy which, in the process of metabolism, 
will be converted into heat and kinetic energy, these two terms 
being different expressions of one and the same thing — energy. 

The minerals cannot be regarded as foods or suppliers of 
energy in the ordinary sense of the term as applicable to fats, 
carbohydrates and proteins, although there is an applied sense 
in which they may be so regarded. They do not yield energy by 
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oxidation, but there is reason to believe that they are able to 
act indirectly as sources of energy by virtue of the osmotic pro- 
perties which they possess. In this way the ingestion of 
minerals assists the absorption and diffusion of the body fluids^ 
an action which may be considered to be ex^uivalent to the 
supply of a certain amount of energy to the body, thus raising 
the minerals to the category of foods by virtue of the fact that 
they are not only tissue builders but are also sources of energy. 

Physiological opinion has undergone considerable change as 
to the relative values of the organic constituents of foodstuffs 
since Liebig advanced the opinion last century that the proteins 
were the chief producers of muscular energy, while the carbo- 
hydrates and fat merely acted as fuel and maintained the body 
temperature. This is now recognised to have been a wrong 
view. From a physiological point of view it would seem to be 
immaterial to the actual cells of the body whether they derive 
their energy from the proteins or from the other food consti- 
tuents, although they can probably get it more easily and quickly 
from the proteins and carbohydrates than from the fats. It 
must also be recognised that body heat is not something apart 
and requiring to be specially catered for, but an inevitable con- 
comitant of all cellular activity. Life and heat are inseparable 
and in performing its other functions in the body a cell must 
also produce heat, as a by-product so to speak of functional 
activity. Hence it is a matter of indifference as far as the cells 
of the body are concerned from what foodstuff their energy is 
derived so long as they are supplied with their dynamic require- 
ments. 

The story is different, however, in regard to the building up 
and repair processes of the body tissues, which can only be done 
by the proteins and minerals with the co-operation of water. 
The constituents of food may, therefore, be classified according 
to their functions in the body as follows: — 

Tissue formers Energy and heat p roducers 

Proteins Fats 

Minerals Carbohydrates and also the 

Water proteins and albuminoids 

The proteins alone are able to perform both functions of 
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food, and it is lliis physiological competence which maJces them 
such an important part of the ration. Witliout protein, growth 
or production would be impossible, and so would repair of the 
daily ear and tcai of the body which protein alone can serve. 

We may now proceed to examine the criteria by which the 
lelative values o} different foods may be assessed, Le.^ how to 
know whetiier a i^articular food is good, bad or indifferent for 
particular purposes in stock-feeding. Information on sudr 
matters can only he obtained by submittin£> the food under con- 
sideration to the following tests : — 

1. Chemical analysis 

This determines the percentage of each nutrient that the food 
contains, but it tells nothing about tlic extent to which an animal 
will he able to digc‘st and utilise the food. This will be ascer- 
tained by: — 

2. trials 

These will show the peucnt«cgc digestibility of the various 
food constituents. 

3. The physical test 

This is a refinement which determines the potential energy 
capacity of the food in terms of calorie.s of heat, or the gross 
energy content of the food. (See Chapter V.) 

4 . The economic test 

When the value of tlic food has been determined in terms 
of digestible ingredients, the question is asked, what are the 
relative values of different foods based on the cost per food unit ? 
(See Chapter XVI.) 


The Ghemic'al Anai.\sis 

The chemical analysis of a food constitutes the first stage 
in the series of operations neccssaiy^ for the proper evaluation 
of the food in terms of its capacity to supply energy to an 
animal It tells us how much of the different food ingredients 
the food contains, so that it is possible to make an approximate 

G 
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comparibon between one food and another For example, ioods 
rich oi poor in fats oi proteins or carbohydrates can thus 
readily be distinguished and appraised, and the amount and types 
of minerals present determined Chemical analysis, iiowevcr, 
only tells us something about the gioss potential of the food, but 
little about its actual value in feeding practice The next stage, 
therefore, is to determine the digestibility of the loodstufis by 
actual feeding trials, or the nett energy for production pui poses 
by elaborate calorimetric trials. 

Diglstibii iTY Trials 

The term ‘digestibility’ employed in nutiition trials lias a 
definite and specialised meaning It tells tiic percentage ol the 
total feed, and also the percentages of the separate ingredients 
of the feed which arc acted on by the digestive juices, absorbed 
and capable of being made use of by the animal’s tissues, or in 
other words, digested For example, in such a trial at Lyallpur 
on heifers fed 4F American cotton seed cake, out of every 
hundred pounds of the cake fed, calculated on a dry basis, 72.8 
were digested, so that the digestibility coefficient of the dry 
matter of the cake as a whole was 72.8. Similarly of each 100 lb 
of protein contained in the cake, 85 lb. were digested, so the 
digestibility coefficient of the protein is said to be 85, and so 
on for all the other constituents. By means of digestibility 
trials, therefore, it is possible to compare different foodstuffs by 
determining how much of their food constituents are digested 
by a particular animal It will be clear on reflection, however, 
that such determinations will not tell the whole story about the 
value of the foodstuff, as this will depend on the capacity of the 
animal’s tissues to utilise the products of digestion, or in other 
words they do not give the complete picture about the biologi- 
cal value of the food For example, the digestibility of the pro- 
tein of maize is about 75, but if maize ^vere fed as the sole pro- 
tein in a ration, the high digestibility coefficient of the protein 
would be largely nullified by the biological incompleteness of the 
protein, zein, of maize in certain essential amino acids. All such 
factors have to be taken into account in using digestibility data 
for the compilation of rations, as will be more fully described 
in succeeding chapters 



Fig. 2. A cow m inside stalls with harness. 




Fig 2 Bullocks undergoing digestibility trials with harness attached while 
at work on a cane crusher. 
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Conducting a digestibilit'} tnal 

Digestibility tnals are conducted with animals in specially 
designed stalls, and the senes of operations may be compared 
roughly with the keeping of a banking account It is obviously 
not possiblf to measure directly the amount of food that is digest- 
ed, and the method adopted, thercfoie, is to measure the amount 
of food materials which the animal eats on the one hand, and 
the amount of excreta voided on the other The balance or 
difference between the two tells how much of the different paits 
of the food have be^n digested and ictained in the ammal’s body 
ior utilisation [Plate IV, Figs i and 2] 

Every digestion tnal is preceded by a preliminary non- experi- 
mental period varying from 10 days to a fortnight during which 
the animal is fed the food under trial in order that the diges- 
tive tract may be freed from all traces of previous feeds During 
the ensuing trial proper the same feeding regime is continued, 
but the full experimental opeiations are followed, and the exact 
quantity of food eaten by the animal each day is recorded and 
also the amounts of unne and dung voided Representative 
samples of all these are then analysed in order to compute the 
balance sheet previously mentioned [Plate V, Figs i & 2] 

Example of a digestion tnal 

The writer has recorded (Landei, 1930) the results of diges- 
tion trials with four heifers fed on oat hay and American cotton 
seeds Taking averages, each animal was fed 9.2 lb. of oat hay 
per day for 15 days during which the actual tnal lasted. During 
these 15 days the average weight of the faeces excreted daily 
was 17 8 lb per animal Samples of the oat hay and faeces 
were analysed and found to contain the following percentages of 
dry matter — 

Oat hay 96.00 per cent 

Faeces 20 02 pei cent 

The 9 2 lb of hay. therefore, contamed 8 83 lb of dry matter 
and the 17 8 lb of faeces contained 3 56 lb llie difference may 
be assumed to represent the amount of dry matter digested 
by the animals This amounted to 59.68 per cent of the dry 
matter eaten. Therefore, we say that the digestibility of the dry 
matter eaten was 59 68 The digestibility coefficients of the 
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sepaxatc' constituents of tli(‘ ha} were detei mined in exactly the 
same way. The average composition of the oal hay is siiown 
in detail in the following table:- - 



AVERAGE 

COMPOSn ION OF 

OAT HAT 


Moisture. 

Dry matter. 

Ash. 

Fat. Fibre. 

Protein. 

Fitroi;en 

1 ree extract. 

% 




Se 

% 

4.00 

%M) 

6.94 

1.18 35.9H 

5.00 

48.27 


and the complete lesults from the digestibility trial on the liay 
were as follows: — 


DJGEsimiLirr coeffic}e.ms of oai hat 


Dry matter. 

Ash, 

Fat. 

Fibre. 

Protein. 

Nitrogen 
free extract. 

% 

% 

Vn 


% 


59.68 

23.44 

70.59 

64.54 

43.47 

62 61 


In order to determine corresponding data for a concentratej 
such as cotton seeds^ it is necessary to feed the animals for a pre- 
liminary period on a maintenance ration roughage such as oat 
hay whose composition and digestibility data have first been 
determined as described above, as an animal cannot be fed on 
concentrate alone. The determination of the data for the con- 
centrate is slightly more complicated. Known amounts of the 
concentrate are fed with the basal ration, and tiie complete 
digestibility data are obtained for the composite ration. Thus, 
knowing the data for the basal ration and those for the combined 
ration a simple calculation enables the data for the concentrate 
to be determined. Thus, taking the average for the four heifers 
used in these trials, each animal received per day in the cotton 
seed period 9.9 lb. of hay, and 3.0 lb. of cotton seed. The 
average daily excretion of faeces on the mixed ration wav 22. t 
lb. and the composition of the cotton seed and faeces was 
follows 
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AVERAGE COMPOSiriOjV OF COTTON SEED ARD FAECES 
Moisture. Dry inafeter. Ash. Fat. Fibre. Protein, 


Cotion 






'0 


seed. 

6 33 

93.67 

4.15 

18 77 

26.20 

18.13 

25,62 

Faeces. 

77.18 

32.8-2 

3.41 

0..51 

7.00 

2 13 

9.75 


The digestible matter contained in die combined ration was 
computed exactly as for die oat hay. If now it is assumed that 
the digestibility of the oat hay was the same in the combined 
feed as was the case when it was fed alone, it is possible to cal- 
culate iiow much of each food ingredient in the total ration was 
derived fi'om the hay, according to the previous trial, and by 
difference, the amount tiiat came from die cotton seed, and con- 
sequently die digestibility coefficients of the latter, may be deter- 
mined. 

The data showing these coefficients for the rotton seed con- 
centrate are shown below': — 


DiGEsriBiLirr coefficients of cotton seed 


Ory matter. 

A sh. 

F -it. 

Fibre. 

ITotein 

Nitrogen 
free extra. 

0 ' 

0 

0 

0-' 

0, 

0 

0 

0 

0 

/O 

'0 

/O 

56.94 

- 

89.27 

54.33 

64.82 

51.95 


It is clear diat the indirect method which has to be used for 
a concentrate is not as reliable as the direct method used for a 
single feed. The mai'gin of eiror may be considerable and wall 
depend upon the relative proportions of concentrate to roughage, 
just as when estimating the data for a single foodstuff such as 
wheat bhusa, the margin of error for some of the constituents 
such as the protein will depend on the amount of protein in the 
hhusa. In general, it may he stated that the smaller the per- 
centage of concentrate present in the combined ration, the 
greater wll be the margin of error. Furthermore, as has been 
stated, it is assumed that the digestibility of the roughage is 
unaffected by the presence of the concentrate, and this may not 
necessarily be true. Obviously all errors arising from this cause 
will be assigned to the concentrate. 

It sometimes happens that absurd results are obtained in a 
digestibility trial for ingredients wffiich are only present in small 
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amounts. For example^ the writer has found in protein poor 
roughage such as wheat straw [Lander, 19321 with a 3 per cent or 
less protein content that negative results may be obtained. The 
analyses indicate that the faeces contain more nitrogen than the 
food, a finding which is no doubt due to tlic influence of excre- 
tory products, etc., from the digestive juices of the alimentaiy 
canal passing out with faeces and joining the food cxcretoiy 
nitrogen, and hence becoming calculated with it Corresponding- 
ly, results showing a digestibility above 100 may be obtained, 
but these abnormal figures generally correspond to a very low 
content of the constituents to which tliey refer, in the feeding 
stuffs, such as is sometimes found in the cases of protein or 
fibre or fat. Nevertheless, properly?' conducted feeeding trials 
provide a method whereby most of the data have been collected 
for the compilation of feeding standards. 


Digestible Proteins and Total 1)kt1<'-tible Nutrien'^is 
{See Appendix 2) 

Since proteins seive very s|x?cial functions in the body the 
percentages of digestible protein ai'c given scparatc'lv in the 
feeding standards. This figure is obtained by^ multiplying the 
percentage of protein in the food by the digestibility coefficient. 
For example, 4F American cotton seed contains 17 pei cent of 
protein of which 64 pcT cent is digestible. Thus the pcKcnlagc 
of digestible protein is approximately ii. (For furth('r details 
regarding the protein see Chapter V.j 

The total digestible nutrients comprise in addition to the 
protein, all the other organic jrarts of the food, viz , the fats, 
fibre and the nitrogen free extract and their digestible percentages 
in the food are calculated in the same way^ as for tlie proteins, 
except that the fat figure is multiplied by 2.25 (01 sometimes 
23), because its value in terms of energy production for animals 
is approximately 2.25 times that of protein or carbohydrate. 
The mm of the digestible percentages of all the separate ingre- 
dients is known as the total digestible nutrients. 

Digestibility trials also enable what is known as the daily 
nitrogen balance of the animal to be determined over the experi- 
mental period. Just as a trial shows Iiow^ much food an animal 
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is digesting, so it tells whether an animal is losing more nitrogen 
in the excreta than is contained in the food, or whether it is gain- 
ing in nitrogen, i.c., protein. This is an important factor in 
connection with maintenance rations which may be briefly con- 
sidered here 

Mauiteyianc^ )ations 

In dealing with the feeding of animals il will be necessary 
to consider foodstuffs from two aspects, viz , 

( 1 ) The food that is needed to maintain an animal in health 
over a long period without gaining or losing weight, and with- 
out performing any appreciable work, or producing anything 
This is known as the maintenance requirement, and, 

( 2 ) The additional food that is needed above maintenance 
lequirements for growth, work, milk production etc., etc. 

A ration which meets the requirements of No. i above is 
known as a maintenance ration and will always give a positive 
daily nitrogen balance. Substances such as wheat straw or 
rice straw'^ may not be, and for many classes of cattle are not 
maintenance rations, because they do not contain sufficient 
digestible protein of the right type to meet an animaFs main- 
tenance requirements The ordinary functions of life in a rest- 
ing non-producing animal involve a certain amount of tissue 
breakdown, and hence a certain level of nitrogen metabolism and 
excretion. If this cannot be made up from the protein of the 
food, then the animal has to draw on its own body tissues to 
restore the balance. This involves an excess of nitrogen excre- 
tion in the excreta over that contained in the food. The daily 
nitrogen balance thus affords a useful criterion as to whether a 
ration constitutes a maintenance ration or not. 

Maintenance rations will be dealt wdth in greater detail in 
the next chapter, and although it is usual in using feeding 
standards to discriminate between maintenance requirements 
and production requirements, no absolute line can be drawn 
between them. For example, a cow giving a certain amount of 
milk will need a certain amount of food according to her weight 
merely for maintenance and a certain additional amount for the 
milk produced. Yet if this combined ration, so to speak, is sud- 
denly or gradually reduced merely to a maintenance ration 
level, she will still continue to produce some, although a diminish- 
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ed amount of milk, but tiiis will be done by the animal drawing 
on her own body tissues. She will ultimately dry up much 
quicker than if a full productive ration had been given, and her 
body weight will also decline in consequence. 
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CHAPTER IV 


GENERAL PR INC (FEES OF MAINTENANCE 
AND PRODUCTION 

MAINTENANCE 

An animalL body may in some respects he regarded as an 
engine or transformer of energy. In the case of the engine, how- 
ever, the fuel supplied does not become an integral part of the 
body of the mechanism, hut merely transforms the potential 
energy of the fuel into kinetic energy represented as work. In 
the animal body the composition of the fuel or food produces 
not only kinetic energy in the form of work or movement, or 
production in some other form, but also enters into integral re- 
lationship with, and becomes a part of, tlie animal’s body. 

Two distinct but closely related processes are in continual 
operation side by side. One of these is the building up of the 
body tissues from materials supplied by the products of diges- 
tion of the food. This process is known as Anabolism, or build- 
ing up. The second process is known as Katabolism, or breaking 
down, and represents the destructive processes which are con- 
tinually going on in all living tissues. The sum total of these 
two processes is known as Metabolism. If a fully grown animal 
is suddenly deprived of food, brought into a condition of 
fasting, it follows that within a short time the building up process 
will come to a stand-still owing to the shutting off of food sup- 
plies. The Katabolic or breaking-down process, however, will 
continue and the products of Katabolism will be excreted in tlie 
urine faeces and sweat, as before. The amount of these excretory 
products if carefully estimated will give an indication of the 
amount of tiie break-down or Katabolic processes which are 
going on, a state referred to in physiological teims as ‘fasting 
Katabolism’. It follows that during fasting the animal will lose 
weight, and if fasting is continued long enough, will die. 
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In the fasting animal, therefoic, there is a great prc'poridei- 
ance of the kataboHc over the anabolic processes, the latter being' 
almost negligible. If this state of affairs is to be arrested or re- 
versed, a certain amount of food will have to be fed. and as the 
animal is gradually brought back to normal, a point will be 
arrived at when the amount of food fed, will he just sufficient to 
counteract the katabolic or breaking down processes. The 
amount of food which is necessary to achieve^ this end is the 
minimum required for the animal if it is to maintain its bod\ 
weight and remain in health whilst doing no w^ork other than 
taking a minimum of exercise, and producing nothing in the 
way of animal products. This amount of food is called the 
‘maintenance requirements' or ‘maintenance ration' of the animal 

Another way of describing a maintenance ration, is to sav 
that it represents that amount of food which is neces^aiy to 
maintain the animal’s bodv weight and keep it in proper run- 
ning order and in health wffiilst nothing is being produced in 
the forni of w^ork, or other kinds of production such as milk, He. 
For the purpose of merely maintaining an animal at constant 
weight and in health, theicfovc, the maintenance ration is the 
minimum needed, and any food fed over and above this 
minimum will be wasted if no production is requir(*d. 

A maintenance ration has been referred to so far as apply- 
ing to a fully grown animal. The argument as to its nature 
applies, however, to animals of all weights and ages, whatever 
the weight or the age of an animal may be. Foi any particular 
weight of an animal its body requires a certain amount of food 
solely for its maintenance and any food fed above that amount 
falls in a different category, mz,, the food required for produc- 
tion, whether that production be increase in body weight, as in 
the case of a growing animal, or whether it be production such 
as work in the case of a bullock, or production in the form of 
animal produce, such as milk, eggs, etc. 

A very rough analogy may taken in the case of a car the 
engine of wffiich is just allowed to ‘tick over’ wdth the gear 
throwm out. The petrol then consumed may be considered to 
represent the maintenance requirements for that engine to keep 
it just running and doing no work. If now^ tiif^ gear is throwm in 
this represents a demand on the engine for work, but if no 
further petrol is supplied the eiigine cannot respond and w^ill stop. 
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If, however, production, 1.^., work is demanded of the engine 
then extra petrol must be fed or in other words a production 
petrol feed must be given. So it is with the animal, with due 
adjustment in the argument^ allowing for the fact that the animal 
is a living organism. 

The maintenance requirements for an animal in a state of 
rest or non-producing condition, must suffice to provide the 
energy required for the continuance of normal bodily functions, 
such as respiration, digestion and so forth, and a limited amount 
of food is required for this purpose, depending on the age. 
weight and type of the animal concerned, and, as mentioned 
above, any food given in excess of these requirements would be 
wasted as far as maintenance is concerned, just as petrol would 
be \^asted if the throttle of a car is open when the gear is out. 

Not only would anv additional food be wasted as far as 
maintenance requirements are concerned but (apart from the 
animal possibly utilising it to put on fat which may not be 
wanted) the animal’s body will have to expend unnecessary 
energy in digesting surplus food and eliminating excreta. The 
maintenance ration must supply a certain minimum amount of 
energy represented in terms of digestible protein and total diges- 
tible nutrients to maintain the essential body functions, i c., its 
running requirements so to speak. It must in addition, supply 
a certain minimum of essential minerals and vitamins, as it by 
no means follows that because an animal is doing no work or 
producing nothing that any of these aspects of its ration can be 
neglected for any length of time. 

An animal’s body^ is capable of storing considerable quantities 
of some of the vitamins, such, for example, as vitamin ‘A’, which 
is stored in the liver, and of minerals which are stored in the 
skeletal structure, and consequently it may be able to carry on 
for quite a long time without any untoward results becoming 
apparent ; but if the maintenance ration is deficient in any of 
these essentials this deficiency may become manifest after the 
lapse of time, as is well known in the case of domestic animals 
kept in confined spaces when their rations have been unsatisfac- 
toryc Such defects may^ become evident in the development of 
such conditions as rickets. A maintenance ration, therefore, al- 
though generally expressed in terms of food required by an 
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animal during 124 hours, must meet its needs over a prolonged 
period of time. 

Nevertheless, although the maintenance ration must maintain 
health for a long period, it is not easy to say just precisely what 
constitutes a maintenance ration to suit all conditions It is 
necessary to take many factors into consideration in ordei to 
comply with the health factor, and the purely physiological defi- 
nition of a maintenance ration may not be exactly the same as 
that required from a practical stand |X>int. Thus it is essential 
that the animal should take a ceitain amount of exercise, and this 
will influence general metabolism, and cause a more rapid evacua- 
tion of excreta. This is an important consideration, because lack 
of exercise leads to an accumulation of indigestible food and 
waste products in the alimentary canal, which may in turn lead 
to entirely fallacious conclusions in regard to th(‘ weight of 
the animal kept under such conditions Lack of exercise will 
also have harmful effects on the animal itself. U is necessary, 
therefore, in considering maintenance rations for oiclinary farm 
animals, to remember that the actual requirements such as 
might be determined in rigidly controlled physiological experi- 
ments over a short time in which the animal is doing no work 
must be increased somewhat under ordinary practical condi- 
tions to allow for sufficient exercise to keep tlie animal in health. 
This fact has been taken into account when computing main- 
tenance requirements for ordinary farm stock as given in tliis 
book, and in drawing up the feeding standards described in 
Chapter V and Appendix 2. 

How Maintln\nck Requirements ar}« Determined 

The maintenance requirements of different types of animal 
have been largely deduced by carefully controlled experiments 
on cattle using an elaborate contrivance known as an Animal 
Calorimeter (Hate VI) , and to a lesser extent on sheep and 
horses. Elaborate experiments have also been conducted by 
the late Professor T. B. Wood on pigs ac Cambridge. In con- 
ducting such experiments the animal is kept in a closed chamber 
through which air, which can be carefully measured, is allowed 
to circulate. The food fed to the animal is carefully weighed 
and analysed, and also the excreta. The analysis of the air 
passing through the chamber includes the products of respiration 
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Regnault-Reiset apparatus as used by Zuntz. 
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and other gaseous excreta. At the same time the amount of 
heat which the animal produces is very accurately measured by 
ascertaining the rise in temperature of known quantities of water 
which are allowed to circulate around the inner chamber of the 
Garlorimeter in which the animal is kept. An elaborate series, 
of data is thus obtained from which the amount of energy or 
food required h\ the animal for maintenance can be deter- 
mined. 

Such experiments involve a tremendous amount of uork 
and are very costly, but they have formed the basis of all 
methods for accurately determining the maintenance require- 
ments of animals as laid down in the various standards. It is 
not necessarily the case that the maintenance I'cquirements as 
determined for one type of animal will be the same for another 
type of similar weight. 

A less elaborate, but nevertheless appx“oximate guide as to 
what constitutes a maintenance ration may be obtained from 
ordinary digestiblity trials carried out over a certain i^eriod' 
of time. During such trials as described in Chapter III, careful 
daily records are kept of the weights of the animals ancl all the 
food and excreta are analysed. From the weight and condition 
of the animals and from the analytical data of tlic food and 
excreta it is possible to determine whether they arc in a condition 
known as "nitrogen equilibrium’. If an animal is found to be* 
excreting more nitrogen (representine: protein break-down) in. 
the excreta, than is being fed in the food, it means that the 
protein supplied is deficient or defective, and that tire animal is. 
drawing on its own bodily reserv'es of protein. If, liow^ever, 
more nitrogen is being supplied in the food than is eliminated 
in the excreta, it means that no such demand is made on the 
body tissues, and, from the point of view of nitrogen or protein 
the food is both efficient and sufficient, or in other words con- 
stitutes for practical purposes a maintenance ration. Similar 
arguments apply to the other ingredients of the food such as 
the carbohydrates, minerals, etc. 

In addition to tire main consideration of the amount of foqd 
fed, there are certain other factors which must be taken into 
account in deciding w^hethcr a ration is a satisfactory mainten- 
ance ration, although many of these apply mutaiis mutandis to 
production rations as well. The chief of these are as follows: — 
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Falatabilh) 

It is a matter of common knowledge that the mere sight or 
smell of food causes an increased flow of saliva, and in some 
cases of gastric juice, which may influence an animal in its readi- 
ness to eat An unpalatable ration tends to check the appetite, 
although it does not appear that an unpalatable ration once 
eaten is digested to a less degree than a palatable one. The food, 
however, should always be both palatable and attractive for all 
types of animal and damaged or stale feeding stuffs should be 
avoided. Feeds which arc suitable for one type of animal may 
not be suitable for others, and one type of feed may be satis- 
factory in certain combinations but not with others. For 
example, maize is not a satisfactory grain when fed alone with 
poor roughages to pigs or horses, but if combined with grains 
‘of higher protein content or with some legume, forms an excellent 
part ration. 

Suitability of food 

Different types of stock need different typex of food, and a 
ration suitable for one type may be quite unsatisfactory for 
another, as, for example, in the cases of ruminants and non- 
ruminants. The digestive system of a ruminant is constructed in 
such a way as to enable it to deal with considerable quantities 
of roughage, and a roughage which in quantity and quality 
would prove suitable as a maintenance ration for a cow would 
be quite inadequate for the same purpose, weight for weight, 
for a horse or a pig. 

Dry matter 

Notwithstanding the distinction just mentioned, every ration 
•should contain sufficient bulk to enable the stomach and in- 
testines to be properly distended so as to promote that sense of 
repletion after feeding which is necessary for an animars wel- 
fare. Depending on the type of animal, part of this bulk should 
always be supplied by roughages sufficient in quantity to open 
up the more concentrated parts of the food so as to enable the 
digestive juices to have free access to ail parts, and to aid the 
peristaltic action of the intestines which assist tiiis process, and 
help to move the undigested residue along the alimentary tract. 
The proportion of dry matter needed in a ration varies with 
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different animals, and is described for separate types in subse- 
quent chapters, but on an average it should constitute about 
2.5 per cent of the body weight for the larger types of animals. 

FroHin requirements 

The protein must be fed in the right quantity and be of the 
right type, although the amount needed for maintenance is com- 
paratively small, and only necessary in sufficient quantity to 
keep the body tissues in proper repair. Even during rest tiie 
tissues of an animal are in a continuous state of ‘metabolic acti- 
vity’, that is to say, a small part of their substance is being con- 
tinually broken down. As most of the muscular tissues of an 
animal and a considerable part of the other tissues ai'e composed 
of protein, there is thus a continual small loss from the body of 
the products of protein break down, and these have to be re- 
placed by similar substances obtained from the food. Although 
the actual protein requirements of an animal at rest are small, it 
is nevertheless essential that the protein in the feed should be of 
the right kind, which will be broken down during digestion into 
the essential amino acids which the animal’s tissues need for their 
reconstruction. If an animal is fed the \vTong type of protein 
as its sole source of nitrogen, trouble may ensue quicker than if 
no protein is fed at ail, because the animal has to expend energy 
in masticating and digesting the food, whilst the products of 
digestion cannot be properly utilized to rebuild lx)dy tissues 
and supply energy. 

For example, Zein, the protein of maize is a typical example 
of a deficient protein, and maize should not be fed as the sole 
source of protein in the concentrate part of the ration, whether 
for maintenance or production. Again, rice straw is deficient 
both in protein and in minerals and experience has shown that 
it does not constitute a maintenance ration for dairy cows 
which have been accustomed to better feeds. It would, there- 
fore, be a bad combination to attempt to make up the defects 
of poor quality rice straw by feeding maize as a supplement, 
which is in itself deficient both in protein and minerals, A 
suitable supplement for a non-maintenance hay or straw ration 
is a small amount of some suitable concentrate such as bran, or 
legume hay. Trials at Lyallpur have shown that legume hays 
constitute maintenance rations for dairy heifers of 800 lb. weight. 
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Good quality oat hay iv also a maintemmre ration for such 
animals. 

Minfial supply 

Tiiere must be a propci'K balaiKTd and adec^uatc mineral 
supph in the feed to provide for the body’s needs in mineralsj 
to replace those lost in tlic excreta and to maintain tlu^ acid- 
base equilibrium of the blood and lymph as described in 
Chapter IL Both the protein and the mineral aspects of a ration 
assume a much sp-eater dcgi-cc of importance in re(]uiremcnts 
for production, but both are also important for maintenance 
If the calcium or the phosphorus content of a lation is deficient 
or ill-balanced, the animal may^ find it necessarv, over a pro- 
longed period of feeding willi this type of ration, to draw on its 
own resources in the skeletal structure. Such a drain may pro- 
ceed for a considerable time without any ill efiect.s being 
obsServed, but ultimately r condition known as Osteomalacia or 
softening of the bones will ensue with all its subsequent ill 
effects. Osteomalacia is a disease brought about by continued 
feeding with rations deficient in calcium or phosphorus oi lx>th, 
often coupled with vitamin ‘D’ deficiency. 

A number of other minerals such as iron, iodine, copper, 
sulphur, potassium, and magnesium, more fully described in 
Chapter |II and under " Production should also be present in 
small but sufficient quantity in any maintenance ration. 

Crittcal tempei atm e 

The amount and type of ration required for maintenance 
will vary with the external temperature, and a further supply 
of energy^ over and above the normal amount of metabolizable 
energy^ supplied to animals in a maintenance ration^ as judged 
from standard requirements, will be necessary where what is 
knowm as the ‘critical temperature’ has to be taken into con- 
sideration. The ‘critical temperature’ for any ]DarticuIar animal 
is that approximate temperature of the am when the heat lost 
by the body by physical means, such as evaporation, just balances 
the heat produced as a result of internal work and tissue oxida- 
tion, and below which furtiier tissue oxidation is necessary to 
maintain tlie nomial temperature of the body. It is clear, there- 
fore, that a ration which may be a maiotenance ration at or 
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above the critical temperature will cease to be one at a tempera- 
ture below it, and additional provision must be made to sup- 
ply the extra energy needed in the form of additional food to 
maintain the body temperature. It is difficult to give precise 
data for the critical temperature of different farm animals as it 
varies considerably with different species and between different 
members of the same species, and it will also vary according to 
the nature of the animals’ coats. The figure for horses, how- 
ever, is about 1 6*^0 (6o°F) and for cattle somewhat higher. 


Proportion of Different Food Ingredients 

In a maintenance ration, as for productive rations, the pro- 
tein and non-protein parts of the ration should be in proper 
proportion to each other. This ratio is known as the 'nutritive 
ratio’ (see Chapter V), and for maintenance purposes ma be 
fairly wide. For example, in the case of oat hay used in the 
Lyallpur trials, the ratio was i : 25 ; for a composite pasture hay 
obtained from Ambala (a maintenance ration for 800 lb. dairy 
heifers) it was i ; 18, whilst with non-maintenance pasture hays, 
ii varied from i : 30 to as wide as i : 70. In a maintenance 
ration for cattle the ratio should lie around i : 18 to i : 20, 
although this figure will vary for other animals. 

The proportion of fat to protein should also lie within cer- 
tain rough limits. Too small a percentage of fat is not satis- 
factory, although, admittedly, animals can do without it, and 
can manufacture body fat from carbohydrate sources. On the 
other hand, too large a proportion of fat in the ration results 
in deficient protein digestion and absorption. The proportion 
of fat to protein in good oat hay used as a maintenance ration, 
and also as a basal feed in the Lyallpur digestibility trials was 
I : 8.5, and may be taken as satisfactory. Our knowledge of 
the optimum ratio, however, is very scanty, and opinions re- 
garding it are conflicting, and no very definite advice of real 
value can be offered on this point. It can, however, be stated 
that too high a percentage of fat is unsatisfactory both in regard 
to its effects on protein digestion, and the effort which the 
animal’s digestive system has to make to cope with it. 

H 
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Maintenance Rations not governed solely ev the 
Weight of an Anlmal 

It might be tiiought that the maintenance requirements of 
a I5000 lb. animal would be double those of a 500 ib. animal 
They are not governed solely by weight, however, but by the 
surface area of tiic body exposed to the air. 

The weight of an animal bears a definite relationship to its 
volume, or surface area, which has been utilized by Rubner in 
the enunciation of what is known as Rubner’s surface law. 

T. B. Wood (1937) has explained this very^ clearly as 
follows : ■ — 


“Since all animals are approximately of the same density, and since 
the volume multiplied b> the density is equal to the weight, the weight 
of an animal must be proportional to its volume. Now the volume is 
of three dimensions, length, breadth, and thickness — ^and surface is of 
two dimensions — ^length and breadth only. Surface is, therefore, pro- 
portional to the square of the cube root of volume, and since volume 
is directly propoilional to weight, surface is also directlv proportional 
to the square of the cube root of the weight. Food requirements being 
proportional to surface, they must also be proportional to the squai'e of 
the cube root of the weight.” 

Thus, if the maintenance requirements of a 1,000 lb. dairy^ 
cow in terms of total digestible nutrients is 7.5 lb, and we wish 
to find the corresponding requirements of a 1,200 lb. animal, the 
formula to be used as given by the above definition is: — 


Where Wi is the live weight of an animal whose require- 
ment Ri is known, and W2 the live weight of an animal whose 
requirement Ro is to be found. 


i. e. Ra 


lb. 

(Vioau)"* 


Brody and associates (see list of references) have slightly 
modified this and conclude from their studies that the basal 
metabolism, and, therefore, the maintenance requirements for 
energy or total digestible nutrients of animals of various sizes 
axe proportional to the 0.73 power of their live weights. Accord- 
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ing to tliis definition the corresponding figure for a 1,200 ib. 
animal will be 8.57 ib. arrived at tiius: 

^ (12U0)*’ = „7*5x 176-9 

' “ {iUUU)-’* 154-9 


Therefore,, if we determine the maintenance requirements of 
an animal of any particular weight, we can calculate the cor- 
responding needs for an animal of similar type but of different 
weight by means of this law. It has previously been pointed out, 
however, that it is not possible to feed animals strictly in accord- 
ance with a mathematical formula, and the above law should be 
applied as an approximate practical guide rather than as a 
rigid one to be followed in all circumstances. It furnishes, 
nevertheless, a useful basis for calculating the maintenance 
rations for farm stock of different weights as a prelude to com- 
puting the additional rations needed for production. 

It is unfortunately the case in India that the vast majority 
of dairy cattle are not fed according to any scientific or practi- 
cal standard. The average zamindax is inclined to neglect his 
animals between lactations and allow tiiem to roam and graze 
whatever fodder they can find. Frequently they are fed noth- 
ing but straw or inferior grass hay or sometimes an exclusively 
green fodder ration, and do not get even a maintenance ration. 

During the past 22 years the writer has carried out a large 
number of maintenance ration trials on heifers, both on dry 
roughages and on green fodders. In the case of green fodders 
these trials have shown that the following when fed alone to 
800 lb. — 1,000 lb. dry cow-s, in the amounts indicated, are effec- 
tive maintenance rations able to keep the animals in health for 
a long time (but not indefinitely!) with a high positive nitrogen 
balance. 


Fodder 

Oats 

Senji 

Berseem 

Maize 

Guara 

Velvet beans 
Bajra 


lb, per, day, 
i|.o — ^0 

70—90 
70—85 
60 — 70 
50 — 70 
60 — 80 
50 — 60 
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Elephant grass . . . . . . 60—80 

Guinea grass . . • . . . 40 — 60 

Sunflower (when very young) . . 50 — 75 

The following hays have also been found to be maintenance 
rations for 800 lb. heifers in the amounts fed daily shown against 
each : 

Hays. lb. per day. 

Oat hay . . . . . . 1 1 — 12 

Berseem hay . . . . . . 12 — 13 

Senji hay . . . . . - 12 — 13 

Maize hay . . . . . . 15—16 

PRODUCTION 

When any form of production is required from an animal 
extra food or energy is necessary in addition to the maintenance 
requirements as described above, in proportion to the level of 
production required. It has been seen in the case of mainten- 
ance rations, that the food has both a quantitative and a qualita- 
tive aspect, and this holds good to an even greater extent in 
feeding for production. Chemical analyses and digestibility 
trials will tell us how much digestible nutrients a foodstuff con- 
tains and how much digestible protein, but these factors only 
take us a part of the way in the task of ensuring that a ration 
shall be efficient for production purposes. 

For example, the products of digestion of protein from a food- 
stuff may be digested and absorbed into the blood stream, but 
if they are biologically deficient or, in other words, do not con- 
tain the particular amino acids that the animal needs for pro- 
duction purposes, the products of digestion cannot be properly 
utilized, and consequently, the energy value of the food will be 
lowered proportionately. 

Therefore, comparisons between different feeding stuffs for 
production values, when these are based on digestible nutrients 
alone, are relative, and cannot show the absolute value of the 
feeding stuffs, although such data form a very useful working 
basis as to the nutritive value of the food, provided the ration 
is properly balanced. 
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It may at this stage be advisable to mention the meaning of 
gross, metabolizable and nett energy values of a food. The 
gross energy value of a foodstuff may be stated in terms of the 
total heat, expressed in calories, which the foodstuff will yield 
when completely burnt in a calorimeter. The metabolizable 
energy, however, represents that which is available to the animal 
from that part of the food which is actually digested. This may 
be approximately computed by measuring the total heat of com- 
bustion of the food on one side, and of the solid, liquid and 
gaseous excreta on the other. The difference between the two 
represents the metabolizable energy. 

The nett energy is that amount of energy left over for pro- 
duction from the metabolizable energy after the energy required 
in mastication and digestion of the food is accounted for. 

The metabolizable energy as already explained is thus the 
energy capable of transformation in the body both for produc- 
tion in the form of increase of the body weight, manufacture of 
produce and in the evolution of heat. The metabolizable energy 
of a foodstuff does not measure its ‘production value’, since part 
of it is lost as described above, as far as production is concerned. 
The metabolizable energy as thus expressed, however, is an 
apparent and not a real value, because various influences effect 
the digestive processes on the feeding stuffs of which metaboliz- 
able energy takes no account. Thus, for example, Kellner 
[igo8] found in one of his experiments that when beet molasses 
was added to a basal ration, the amount of energy bound up 
in the methane evolved was diminished by 138.5 calories, but at 
the same time, it so depressed the digestibility of the basal ration 
that the amounts of energy lost in the faeces and urine on this 
account were increased by 186.5 calories and 272.3 calories res- 
pectively. These two amounts of energy, therefore, represent 
losses as a result of adding the molasses and must be subtracted 
from the gross energy of the latter to obtain its metabolizable 
energy. This might be expressed in a different way by stating 
that certain ingredients of feeding stuffs if fed in excess may 
influence the availability of others, or in other words, that the 
metabolizable energy of the total feed is reduced. Practical 
illustrations of this are shown in the well known fact brought out 
by digestibility trials, that excess of sugar or fat in a feeding 
stuff will interfere with the availability of the protein. 



FEEDING OF FARM ANIMAL.S 


ii8 


Our knowledge of the chemistry of feeding stuffs and the 
behaviour of the various constituents comprising ffiem in animal 
metabolism is still imperfect^ and the actual nutritive values of 
any feeding stuff can only be determined by direct trials with 
animals. Accurate data can be obtained by the use of an ela- 
borate and expensive animal calorimeter already described, but 
the earlier animal calorimeter experiments ai-e being supple- 
mented by trials designed to ascertain the actual pioduction 
effects of different types and combinations of feeding stuffs. 
Hence, whilst some American authorities still adhere firmly to 
the principle of expressing production values of feeding stuffs 
in terms of nett energy' of calories, the method of expressing pro- 
duction requirements in terms of digestible nutrients is becoming 
increasingly prevalent. 

A great deal of confusion has arisen in ihc past even in the 
minds of nutrition experts in defining their terms, and stating 
their requirements in terms of energy, and the writer is of the 
opinion that the practical farmer is more likely to be at home 
with figures of digestible nutrients than with data expressed as 
calories. Admittedly, the exponents of the calorie school stale, 
and rightly so, tiiat the ultimate value of a feeding stuff is to 
be judged in terms of the nett energy it supplies, but the energy 
values expressed in calories or therms per i oo lb. of feeding stuff, 
are, as a matter of fact, of the same order of magnitude as the 
more familiar term — fiigestible nutrients. The writer prefers 
the use of digestible nutrients, and in the chapters dealing with 
different types of farm animals the requirements for different 
production purposes are given in terms of digestible nutrients 
which can readily be computed from the data in Appendices i 
and 2. Reference to Appendix 2 shows tlie actual amounts of 
digestible nutrients which are required for animals of different 
weights both for maintenance and production, and these have 
been utilized for computing the rations described in Chapters 
IX— XV. 


Spegiai. Aspects of Feeding for Production 

In considering the maintenance requirements of an animal it 
was pointed out that a certain minimum of digestible nutrients 
was required in order to make up the losses involved in the 
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ijeneral metabolism of an animal at rest, also that it was neces- 
sary to take into account the mineral supply and vitamins. In 
other wwds the ration has to be considered from two points of 
view^j firstly, the total energy or nutrient walue of the feed, and 
secondly, those aspects of the feed wliich do not necessarily 
supply energy but are otherwise essential. Immediately an 
animal passes from a state of maintenance to a production state^ 
both of these aspects acquire greater significance. 

We will consider first of all the quantitative aspect in regard 
to digestible nutrients. The amount and type of food required 
by any animal for production over and above its maintenance 
ration will depend upon the nature of the production. For 
example, an animal w^hich is merely being fattened, or in other 
words producing mainly fat. will require a different type of feed 
from one which is producing milk, eggs, etc., or again from one 
whose production is mainly w^ork, such as a fully grown horse 
of w^orking bullock. These special requirements have been 
dealt with in detail in the following chapters but as an illustra- 
tion of the general principles involved we may consider the case 
of a young growing pig. In the first few months of its life the 
pig is required to put on body weight in the form of new tissues 
and new bone structure, and. therefore, the food required for 
these purposes, 2.^., for production, will need to be rich in 
those nutrients which arc essentially body forming, Le., the 
proteins and minerals. Hence as described in Chapter XIV, the 
nutritive ratio must be a narrow one in the neighbourhood of 
I : 3.5. The feeding stuffs must, therefore, be chosen accord- 
ingly. When, however, the pig is approaching maturity there 
will be less demand for protein or body forming food and a 
greater demand for non-proteins and the nutritive ratio wdli 
accordingly be widened. WTien the fattening stage is reached, 
the main increase in body w’cight will be fat, built up chiefly 
from the carbohydrate part of the food, which must, therefore, 
be largely carbohydrate in nature. Again, in the case of a 
fully growm dry heifer the maintenance requirements will be 
adjusted according to her weight. When the heifer is in calf, 
how^ever, the maintenance requirements will need to be progres- 
sively augmented to cater for the growth of the developing 
foetus, and shortly after parturition the ration musi be sufficiently 
rich in digestible nutrients to provide for the milk produced. 
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As production is in this case milk which is rich in protein, the 
food must also be rich in protein. Similarly, for egg produc- 
tion, a hen will require almost twice as much of the right type 
of food when laying, as she will when not laying, and as eggs 
are rich in protein the rations of the laying hen must be suffi- 
ciently rich in protein also. 

Minerals and ^^itamins 

The general principles as regards mineral and vitamin re- 
quirements described for maintenance rations apply also to pro- 
duction rations, although the latter must be much richer in both 
minerals and vitamins than is necessary for the former. The 
mineral and vitamin requirements for different types of farm 
stock will be described in more detail in Chapters IX — XV. 

It is clear that a growing animal, or an animal carrying a 
foetus, or otherwise producing, will need considerably more 
minerals in its rations, than a fully grown one. The minerals 
must as a rule be several times greater in the food supplied than 
are actually found in the produce, and they must also be well 
balanced. The same remarks apply to vitamins. An animal 
only needing a maintenance ration may get on quite well for a 
considerable time on a limited vitamin intake, but serious re- 
sults may be expected if the rations of the producing animal are 
deficient in vitamins either in quantity or quality 


Qualitative Aspects of Production Rations 

The nature of the proteins fed to an animal for production 
is of the utmost importance for the reasons explained in 
Chapter II. Gliadin the protein of wheat is deficient in lysin, 
which although adequate for maintenance, is unable to promote 
growth. The proteins of the cereals in general, whilst not 
absolutely lacking in certain essential amino acids, are however, 
unbalanced for the purpose of animal nutrition as compared with 
animal proteins, and they are all deficient in certain amino 
acidsi, particularly lysin, which appears to be essential for growth. 
It is obvious, therefore, that quite apart from specific defects in 
certain amino acids, excessive quantities of such foodstuffs 
would need to be given in an endeavour to supply the body with 
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the particular amino acids it needs. Our knowledge in regard 
to the specific protein values of different feeding stuffs is not 
so far advanced as it is in respect to nett energy values, or total 
digestible nutrients, because, we still do not know what many of 
the proteins of feeding stiifis actually arc, and our knowledge of 
the exact amino acid requirements of different farm animals for 
different purposes is as yet by no means complete. Even if w^e were 
in a position to determine the production values of the single pro- 
teins which happen to be known, it would not be easy, or even 
possible, to estimate from them the production values of the 
mixed proteins of feeding stuff's, since a deficiency in any one 
protein might be compensated by a sufficiency or surplus in 
another, and hence the mixture would show a much higher pro- 
duction value than the sum of the separate ingredients if fed 
individually. For example, whilst wheat gliadin, which lacks 
lysin, when fed as a sole protein, has little growth value, it may 
have a high value when supplemented by other proteins which 
supply lysin. Thus wheat alone fed to a young animal would 
not promote growth, but the substitution of a part of it by milk 
containing lactalbumin and casein would. Any such mixture 
of proteins, therefore, would have a production value which 
might differ very considerably from the mean values of the in- 
dividual proteins. Recognition of this fact should .always be 
borne in mind in practical feeding and computing rations, and 
whenever deficient protein feeds are used they should be pro- 
perly balanced by others. This explains why it is generally 
better to feed mixed feeds rather than feeds consisting of only 
one or two ingredients. If this is done, the protein deficient 
feeds can play an important and valuable part in the computa- 
tion of rations. 

Osborne and Mendel [1914] state that the protein composi- 
tion of maize is approximately as follows: — 


Zein . . . . . . 41% 

Maize glutelin . . . . . 31% 

Globulins, albumins and proteoses 22% 

Insoluble in alkali . . , . 6% 


loo^F 
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Although maize is deficient as a whole in protein or amino 
acids, the glutelin nevertheless provides, at least c|ualitatively, 
those amino acid'i which are lacking in zein and tiie other pro- 
teins in maize. Many trials have been conducted ^^ith maize 
alone or supplemented by other protein feeds particularly on 
pigs, and Hart and McCollum [1914] state that they were able 
to obtain normal growth with plg*^^ on rations whose only pro- 
tein was supplied by maize with the addition of salt. On tire 
other hand Waters [1914] has produced definite evidence of the 
unsatisfactory nature of the proteins of maize in four trials on 
pigs. One lot received only maize, whcrca'^' others wire given 
maize with the addition of salt, whilst again other groups re- 
ceived complete protein supplements as nearly as possible ash 
free, in the form of blood and milk. He show^cd that pigs re- 
ceiving only maize, or only maize and ash or added salt, practi- 
('ally ceased to grow, but that the groups w^^hicli received the 
complete proteins added to the maize maintained steady and 
normal growth. Other trials carried out by Hart, Humphrey 
and Morrison [ 1912 ] and McCollum [ 1914 ], on growing heifers 
and young pigs respectively, support the conclusion that maize 
alone cannot produce efficient growth but that maize when 
supplemented by other high quality proteins forms a valuable 
constituent of the ration. When thus supplemented, a much 
higher retention of protein take« place in the body than when 
maize is fed alone. 

The plate reproduced hei'e is taken from a book published 
by Palmer [1919] and constitutes an interesting commentary on 
the effect on pigs when maize is fed without being properly 
balanced by other rations. [Plate VII.] 

Value, of Non-Proiein Nitrogen for Production 

Details have been given in Chapter II, on the distinction 
between protein nitrogen and non-protein nitrogen. The latter 
consists of a heterogeneous group of substances containing nitro- 
gen in an amido group, but not necessarily containing the amino 
group. A typied example of such non-protein nitrogenous 
bodies as described in Chapter II is asparagin, which is not found 
amongst the break-dovm products of proteins, but belongs to the 
class of bodies known as acid amides. It does not appear that 
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An object lesson on the value of balanced rations. The above carcasses 
are from hogs of the same age. The small carcass resulted from 
feeding an unbalanced ration of corn alone. The large 
carcass resulted from feeding a balanced ration. 
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asparagin can play any part in tlic building up of body protein 
unless it is first converted into aspartic acid, and no evidence is 
yet forthcoming that the body can effect this conversion. 

Opinions differ considerably as to the extent to which the 
non-protein nitrogen of feeding stuffs can act as body protein 
builders, and it may be that their value in this direction lies 
rather in the extent to which these substances are utilized, first 
by the micro-organisms of the digestive tract and the resultant 
bodies built up by bacteria which themselves become ultimately 
digested and of use to the animal. As previously pointed out 
recognition has been taken of the possible value of the non- 
protein bodies in computing what is known as tire ‘protein equi- 
valent*, a factor comprising the combined digestible true pro- 
tein and non-protein nitrogen. Various writers use different 
terms in designating ‘digestible protein*. Some only consider 
the digestible crude protein, others only the digestible true pro- 
tein, whilst others use the composite protein equivalent. The 
figures as given in Appendix i. and designated as ‘digestible 
])rotein* arc computed in terms of digestible crude protein. 
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CHAPTER V 


FEEDING STANDARDS AND BALANCED RATIONS 

Feeding standards enable us to express the nutritive value of 
foodsj and the food requirements of animals in some common 
terms. Rations may be changed, and the proportion of thejr 
Telative constituents mav vary, hence for the compilation of 
nations definite standards which can be expressed in teims of 
energy or nutrients for various purposes are necessary 

Various methods have been devised to accomplish this 
Armsby [1917] in America based his methods on the principle 
that all foodstuffs are sources of energy, and Kellner [1908J in 
Germany devised a standard by reducing all the food consti- 
tuents to a common denominator in terms of starch All food- 
stuffs can ultimately be expressed in terms of energy, and, as we 
have seen, it does not matter much which food ingredients sup- 
ply the animal cells with the energy they need, provided the;) 
get the necessary proteins to repair waste or for production pur- 
poses such as growth, work, milk, eggs, etc 

If, therefore, the stock owner could be given a simple formula 
which told him that the complex composition of his foodstuffs 
could all be expressed as though they were simply starch or 
energy, and that his animals needed so much ‘starch’ for various 
purposes, or according to Armsby’s system, if the foodstuff 
could be expressed in terms of energy or ‘calorics’ and so many 
calories were needed for maintenance and production, his task 
in devising rations from the tables of analyses would be easy. 

The matter is not quite so simple as the above suggests but 
perhaps the simplest system of all is one which is now becoming 
increasingly adopted and expresses foods and food requirements 
in terms of Digestible Proteins and Total Digestible Nutrients, 
while the method so long in vogue in America of using calorics 
or therms is going out of favour. 

If, therefore, the basal or fundamental tact is kept in mind 
tliat the food must supply, firstly, a certain ‘total amount of 
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energy’, and secondly, a certain ‘■minimum amount of protein 
according to circumstances, the stock owner or the scientist can 
choose whichever standard he prefers for building up rations 
irom the data given in Appendix!. 

The various standards that may be considered, therefore are: 

1. The energy standard of xArmsby. 

2. The starch equivalents standard of Kellner. 

3. The standard based on total digestible nutrients and 

digestible proteins. 

I. Energy Value 

The energy value of a foodstuff is measured in terms of 
heat units. The amount of heat that will be required to raise 
the temperature of one gramme of water through one degree 
centigrade is called a calorie (small c). A large Calorie (large 
G) is the equivalent of 1,000 small calories, and a therm is 
1,000 Calorics. 

If now a small quantity of any foodstuff is taken and com- 
pletely burnt in a special apparatus called a bomb calorimeter, 
by electrical ignition in oxygen, the energy which the food con- 
tains is liberated in the form of heat which can be measured 
by noting the rise in temperature of the water in the calori- 
meter. 

When combustion is complete this heat represents the total, 
or ‘gross energy’ of the food. The whole of the energy of 
the food eaten cannot, however, be utilised by the animal and a 
( '^’^'^iderable part leaves the body in the form of waste products 
which are not completely oxidised or burnt. The energy which 
is still available is that represented in the products of digestion 
which are absorbed, and as these can be utilised for the various 
activities of metabolism it is called the ‘metabolisable energy.’* 
Hence metabolisable energy is the gross energy minus the energy 
still contained in the excreta. During digestion and the various 
other metabolic activities of the body, however, a certain amount 
of heat is produced. Metabolisable energy is thus primarily a 
measure of the heat and production forming capacity which can 
make good the losses of heat, etc., from the body in ^^arious 
ways and thus has u definite value. 

A maintenance ration (Chapter IV) must contain sufficient 
nutrients to provide for the various metabolic activities of the 
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animal in health and maintain its weight, but duimg the con- 
sumption and digestion of food, metabolism is increased and 
there is an additional loss of energy from the body in the form 
of heat. Therefore, of the total metabolisable energy, that part 
which remains for purposes of production is the nett energy. 

Therefore, nett energy- Metabolisable energy minus tlie 

energy required for digestion 
and the increased metabolism 
following food ingestion. 

It has been seen that certain deductions must be made from 
the total energy as determined in the calorimeter to arrive at 
the metabolisable energy available from the proteins, carbo- 
hydrates and fats of the food. 

Careful experiments ha\e been cairicd out to determii^e tfiese 
deductions, as a result of which it has been laid down that the 
metabolisable energy in terms of Calories of the proteins, carbo- 
hydrates and fats may be obtained by multiplying the percent- 
ages of these in a foodstuff respectively by 2,133 ; 1,707 and 
4,000. Thus: — 

% Pmteins x i2,i33 Calories (C) I The metabolisable 

% Carbohydrates x 1,707 Calories V ~ energy per pound 

% Fat X 4,000 Calories j of each respectively 

Wc can now see how the metabolisable energy in teims of 

Calories can be arrived at if we know the chemical composition 
of the feeding stuff to be examined. 

For example, 100 pounds of 4r American cotton seed con- 
tains: — 

(1) 1 1.2 pound of digestible proteins. 

(2) 42.0 pounds of digestible fibre and carbohydrates. 

(3) hT 3 pounds of digestible ether extract 

Multiplying i, 2 and 3 respectively by the figures shown 
above we get: — 

1 1.2 X 2,133 = 23,889 Calories 

42.0 X 1,707 = 71,694 Calories 

15.0 X 4,000 = 60,000 Calories 

^ 55 j 5^3 Calorics or say 155 tlieraas. 

Another way of expressing this metabolisable energy is to 
TOmpute it in terms of starch. For example, one pound of starch 
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or digestible carbohydrates yields 1,707 Calories of metabolis- 
able energy. 

The corresponding value for protein would be 7 } — I f) 

(expressing the protein in terms of starch), and for the fat 
=2.3 (expressing the fat in terms of starch) . 

Thus if we wish to express the whole of the metabolisable 
energy of the 100 lb. of cotton seed as though it were derived 
from starch we must take the separate digestible nutrients and 
multiply them by the values as shown. Thus: — 

Digestible protein 11.2 x 1.25 = 14.0 starch pounds 

Digestible fibre and 

carbohydrates 42.0 < 1,00 - 42,0 starch pounds 

Digestible fat 15.3 x 2.3 = 35.2 starch pounds 

Thus 100 pounds of cotton seed are equivalent to 91.2 lb. of 
starch in terms of metabolisable energy. This figure is some- 
times referred to as the Maintenance Starch Equivalent of a 
food and must not be confused with Kellner’s Starch Equivalent, 
to be described shortly, which is based on the nett energy value 
of the food. If a certain amount of food is given for produc- 
tive purposes over and above the maintenance requirements, 
there will be a certain amount of energy available for the body, 
represented by the difference between the metabolisable and the 
nett energy of the food given. Consequently, it is the nett 
energy of the food which really matters for production pur- 
poses, whereas for the computation of maintenance rations it is 
the metabolisable energy. However, as will be mentioned later 
it is simpler and easier to use total digestible nutrients for the 
compilation of maintenance rations — or even production rations. 

It has for long been a debatable point whether feeds should 
be compared, or rations computed in terms of nett energy values 
or digestible nutrients. 

There is much to be said to commend the first, but there 
are great scientific and practical difficulties in the determination 
of nett energy values. The respiration apparatus w'hich is 
needed (Chapter III) is very costly and comparatively few feeds 
have actually been investigated with cattle by this means, and 
still less in the case of other farm animals. 
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It has also been found that nett energy values as determined 
by elaborate trials differ in the case of the same feeds with 
different classes of stock, and, therefore, the nett energy values 
as determined in experiments with one class of animal may not 
necessarily furnish a correct index of the values of the same feeds 
for others. 

The nett energy values of individual feeds, therefore, have 
definite limitations as a practical basis for evaluating feeds or 
computing rations for livestock, and the practice of using total 
digestible nutrients, or, if preferred, starch equivalents, is more 
common. 

There is no doubt, however, that the best measure of the 
actual value of any feed for a particular class of stock can be 
obtained only through carefully planned feeding experiments. 

This is the method employed by the writer in the Lyallpur 
digestion trials and he considers that the expression of results 
and evaluation of rations in terms of Digestible Proteins and 
Total Digestible Nutrients is the simplest and is to be preferred. 

2 Starch Equivalent (Kellner’s Production Starch 
Equivalents) 

The principle which Kellner followed to measure the values 
of foodstuffs for production purposes in which one pound of 
digestible starch was taken as the unit, was based on their value 
in terms of starch instead of nett energy. These values were 
determined on bullocks using an elaborate and expensive res- 
piration calorimeter. The nett energy value of a feeding stuff was 
then expressed as the number of pounds of starch which it was 
computed would have the same nett energy value for production 
purposes. These starch values are similar to Armsby’s nett 
energy values which are stated in ‘Therms’ or ‘Calorics’ except 
that the manner of expressing them is different. For example, 
Kellner found by his method that the starch value of maize 
was 81.5 lb. (which means that 100 lb. of maize has the same 
nett energy value as 81 5 lb. of starch). Armsby, employing 
his method, gave it a figure of 85.5 therms. 

Remembering that the neit energy value of one pound of 
starch is 1,071 Calories or 1.071 Therms, it will readily be seen 
that the starch value of any feed expressed in terms of starch 
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equivalents can be converted into nett energy expressed in 
terms of Therms by multiplying it by the above factor 1,071 

Kellner's {starch values) Armsby [Therms) 

Starch value x 1.07 1 = Therms 

Kellner fed bullocks kept in his respiration chamber a basal 
or maintenance ration, and then added to the ration certain 
known quantities of the pure ingredieiits of which foods axe 
composed, such as proteins, fats, carbohydrates, and recorded the 
increases in body weights. 

Taking as his unit one pound of digestible starch, he found 
that one pound of digestible pme protein produced 94% as 
much body fat as one pound of digestible starch. 

In oil bearing seeds and oilseed meals in which most of the 
‘Ether Extract’ or fat is practically pure fat, lie found that one 
pound of digestible fat had a starch value of 2.4 pounds, while 
the fat from cereals and industrial food by-products had a 
starch value of 2.12 lb., while the corresponding value for fat 
from roughages such as dry fodders was 1.9. 

Kellner determined the starch values of a few typical feed- 
ing stuffs by means of the respiration calorimeter, and then, 
using the factors he obtained, and knowing the amounts of 
digestible nutrients in the respective feeds, computed a table of 
starch values. Thus : — 

Multiplying the digestible proteins by 0.94 

Multiplying the digestible fat in coarse fodders 

by 1.9 

Multiplying the digestible fat in cereals by 2.1 

Multiplying the digestible fat in oilseeds by 2.4 

Multiplying the digestible carbohydrates and fibre 

by i.o 

(The fat in foodstuffs is generally taken in practical compu- 
tations, however, to have a starch value of 2.3 whatever its 
source of origin.) 

We may take 4F American cotton seed to see how a simple 
calculation may be made. The respective percentages of diges- 
tible nutrients as found by chemical analysis and digestibility 
trials are multiplied by the appropriate factors indicated above, 
r 


= Starch value 



do*" 
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Thiis: — 


4F americajY cotton seed 


Digestible nutrients. 

Per cent 


Starch 

FACTOR. 

Starch 

E^juivalen* 

Proteins or protein 

equivalent (see below) 

.. II. 2 

X 

0.94 

10,5 

Fat 

.. 18.65 

X 

2.3 

42.9 

Carbohydrates 

lO.O 

X 

I.O 

1 0.0 

Fibre 

- . 14.8 

X 

I.O 

14.8 




Total: 

78.2 


That is to say, 100 pounds of 4F American cotton seed, 
when fed to bullocks in addition to the basic maintenance ration 
should produce as much fat as would be produced by 78.2 lb. 
of starch when similarly fed. 

Correspondingly for purposes of work the energy values of 
the starch and cotton seed respectively may be converted into 
Therms by means of the factors already given, and the relative 
work production evaluated. In this way the production starch 
equivalents of any feeding stuff may be determined from the 
data given in Appendix i. 

Certain corrections however, are necessary because, as 
Kellner found, it is not possible to calculate the starch values 
of feeds with a high fibre content with any degree of accuracy, 
and from the comparatively few feeds which he studied he 
found that it was necessary to make very considerable deduc- 
tions from the calculated starch equivalents, of from 5 to 30 
per cent in the case of certain factory by-products of high fibre 
content, and even up to as much as from 50 to 70 per cent 
with straw and certain other roughages, in order to get correct 
starch values. 

In the case of oats, for example, the number that must be 
deducted from the calculated starch equivalents was found to 
be 5. This led to the evaluation of what are called Kellner’s 
value numbers for the different foodstuffs, and show the cor- 
rected values for starch equivalents. Thus the value number 
for oats is 95, and the value number for straw, say, 50. As an 
illustration we may calculate the approximate production starch 



FEEDING STANDARDS AND BALANCED RATIONS 332 


equivalents of a typical composite hay obtained from the Mili- 
tary Dairy at Murree in December, 1927. 

MURREE HAT 


Digestible nutrients. 

Per cent 


Starch 

Factor. 

Starch 

Equivalent. 

Protein equivalent 

.. 0.51 

X 

0.94 

0.48 

Fat 

.. 0.71 

X 

2.3 

1.63 

Carbohydrate 

. . 14.0 

X 

I.O 

14-0 

Fibre 

. , 25.0 

X 

I.O 

25.0 




Total: 

41. 1 1 


This hay proved to be very poor and was not a maintenance 
ration for Montgomery heifers. Hence if we take the Value 
number’ of this hay as, say, 55, then its real production starch 
equivalent would be: — 


41 . 11 x 55 

100 


or 26.6 


i.e.^ 100 Ib. of the hay has the value of only 22.6 lb. of starch. 

Thus the Production starch equivalent, or more simply, the 
starch equivalent fS.E.), gives us a measure of its nett energy 
value, and one pound is equivalent to 1,071 Calories or 1.071 
Therms, because the nett energy value of one pound of digestible 
starch is 1,071 Calories or 1.07 1 Therms. 


Protein Equivalent 

We have already seen that the total nitrogen in a feed is made 
up partly of ‘true protein’ and partly of ‘non-protein’ nitrogen, 
and that the non-protein nitrogen, although having a definite 
food value is inferior to the true proteins in this respect. 

If, therefore, the protein equivalent is calculated as though 
all the protein in the food were true protein, too high a value 
will be obtained, which will vary according to the particular 
foodstuff. Kellner and Armsby based their feeding standards 
on digestible protein only. 

Many workers now-a-days, however, do not take the pure 
protein but the sum of the digestible pure protein and half the 
digestible non-protein nitrogen, and the figure thus obtained is 
called the protein equivalent and is used in calculating standards. 
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Other workers use a somewhat different figure, and take half 
the sum of the digestible crude protein, as their ‘protein 
equivalent’. 

The Nitrogenous or albuminoid ratio of a food 

We have previously seen that tlie actual tissue cells are 
not specially concerned with the nature of the particular nutri- 
ents they get to provide them with energy. It is a matter of 
importance, however, in connection with production whether the 
nutrients are derived from protein, or non-protein sources, and 
therefore a method has been devised to show the proportion in 
which these occur in a foodstuff. If the fat is multiplied by the 
factor 2.3 to convert it into terms of starch (see above) and then 
the sum of the protein nutrients balanced against the non-protein 
ones, the ratio so obtained is called the “Nutritive ratio” (N.R.), 
or “Nitrogenous ratio”, or “Albuminoid ratio” (A.R.) and is 
called narrow, medium, or wide according to tlie relative quan- 
tities of protein and non-protein. Obviously rich protein foods 
will have narrower ratios than carbonaceous ones. Different 
workers have employed different methods to evaluate the nutri- 
tive ratio, according to whether they use the crude protein or 
the true protein found in chemical analysis or witliout reference 
to the amount digested. Again, others have omitted the digest- 
ible crude fibre. It therefore follows that a somewhat wider 
ratio will be obtained if the ‘protein equivalent’ as just described 
is used, than if digestible crude protein is used. 

For example, in the first case oats will have a nutritive ratio 
of about I : 7.6, and in the latter case i : 7.0. 

Similar differences will be obtained according to whether the 
digestible fibre is included or omitted in the calculation. 

The best formula for calculating the nutritive ratio, which is 
now generally used, is as follows: — 

Digestible carbohydrate + Digestible fibre f ( Digestible fat x 2.3) 
Digestible protein (crude) 

If this formula is used for 4F American cotton seed and 
Murree hay, their respective nutritive ratios will therefore be: — 

Cotton seed . . . . i : 6.0 

Murree hay . . . , i : 55.0 
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The nutritive ratio is an important factor in computing 
rations for different types of animals and in regard to the pur- 
pose for which they are given. 

Young growing animals, cows in milk, and horses and bullocks 
doing hard work need a narrow ratio. 

Very often cows in the early stages of lactation, and fatten- 
ing animals, are given rations with too wide a ratio, while 
animals needing little more than a maintenance ration are given 
one which is too narrow. If the ratio is too wide there may be 
interference with proper digestion and absorption, thus causing 
unnecessary waste, whereas if it is too narrow, there may be cor- 
responding waste in feeding unnecessary protein which the 
animals must use energy to get rid of. 

For the purpose of computing rations the stock owner 
should consult the data given in Appendix i and then, accord- 
ing to tiie standard he adopts, compute his rations accordingly. 
Absolute accuracy in feeding precisely the right quantity or mix- 
ture of food stuffs can never be attained because many factors 
intervene which it is impossible for him to cater for and arith- 
metical exactitude can never be attained. 

For example, the analytical composition of feeding stuffs 
vary considerably according to the locality from which they 
come, and the time of year at which they are harvested, and 
these variations may depend even more on climatic factors than 
on the soil. Furthermore, as has been described more fully in 
Chapter VII, the composition of the plant depends on its stage of 
growth, its species and a number of other variables. 

Again, different breeds of animals may digest corresponding 
foodstuffs to a different degree though these may not be wide. 
It has been found, for example, that Kangra hill cattle can exist 
on rice straw as their main feed for long periods but this straw 
was not a maintenance ration for Montgomery heifers at Lyall- 
pur. [Lander & Dharmani 1931.] 

Hence such variations may partially mask some of the other 
factors to be taken into account in computing rations, such as 
the evaluation of the digestible crude protein and protein equi- 
valents. 

3. Total Digestible Nutrients, or Food Units 

It has been recorded that the old energy standard of Armsby 
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and the starch equivalents of Kellner are being superseded by 
the method of expressing food values in terms of total digestible 

nutrients. 

These axe ascertained by multiplying the sum of the digestible 
protein or protein equivalent, and the digestible fat by 2.5 and 
adding to this the sum of the digestible carbohydrates and fibre. 
Thus:— 


Total digestible 
nutrients (Food Units). 


(Protein Equivalent + Digestible Fat) 
= X 2.5 + Digestible Carbohydrate and 
Fibre. 


This method, however, takes no account of the relative 
amount of protein pre^nt though it gives a reasonably correct 
idea of the relative values of foods. 

It is usual therefore to specify both the ‘digestible protein’ or 
‘protein equivalent’ and tlie ‘total digestible nutrients’ and use 
these as a simple, and perhaps the easiest, standard for comput- 
ing rations. 

The writer [Lander 1942] has recently adopted this method 
of computing rations for determining the feeding value « cotton 
seed cake and cotton seed for daiiy’* cows, to be described in 
Chapter IX. 

The feeding standards reviewed above have been worked out 
chiefly in the U.S.A. and European countries on cattle, and 
the data thus obtained have also been largely used in comput- 
ing feeding standards or feeding regimes for other classes of 
stock- For example, if it is found that the digestibility co- 
efficient of the protein of cotton seed cake by a cow is 80%, 
the same figure has been used in compiling standards for other 
classes of animals on the assumption that diey would digest the 
protein neither more nor less efficiently than the cow. 

It does not necessarily follow, however, that because a food 
conforms to a certain standard or has a certain value for cows, 
that it will have a corresponding value for other types of animal. 
These may be physiologically and anatomically different from 
the cow, and their different types of alimentary tract may, and 
no doubt do, digest food materials differently. 

It would be an advantage if standards could be worked out 
for other t^^pes of farm animals but at present this knowledge is 
not available. Rations which have been computed for these 
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as they stand to-day have not the same scientific authority behind 
them as have rations for cattle, and they have been evolved 
partly in accordance with generally accepted principles, partly 
along empirical lines and partly according to local customs and 
the feeding stuffs available. Our knowledge of Indian feeding 
stuffs is still in its infancy, although a considerable amount of 
work has been done in recent years, and we are largely depend- 
ent for feeding standards on those evolved in other countries. 

The required information will no doubt gradually be filled 
in, and in Appendix i will be found most of the chemical and 
digestibility data which have so far been obtained in India. 


BALANCED RATIONS AND 
THE COMPUTATION OF RATIONS 

A balanced ration is one which provides an animal with all 
the nutritive ingredients it needs for any particular purpose. In 
the previous Chapter the various feeding standards have been re- 
viewed by means of which the first step may be taken in the 
comnutation of balanced rations. 

In the first instance a balanced ration whether for maintenance 
or production must conform to the general principles outlined 
in Chapter IV, both qualitatively and quantitatively, and in com- 
puting a balanced ration for any particular purpose both these 
aspects must be kept in view. Suppose, for example, it is re- 
quired to compute a ration for a cow of a certain weight giving 
20 lb. of milk daily. The first step will be to ascertain from 
the data given in Aopendix 2 what quantities of digestible pro- 
tein and total digestible nutrients the cow needs for maintenance 
and the production of that amount of milk. Correspondingly 
for any other level of milk yield, or other type of stock. After 
this first step, the tables in Appendix i may be consulted, which 
will show how much of the various nutrients required will be 
furnished by the various foodstuffs from which choice can 
be made. Armed with these two sets of data it is an easy 
matter to select and compute a ration which should proride for 
an animal’s requirements, due regard being paid to the fact that 
different types of animals require different types and propor- 
tions of foodstuffs as described in later chapters. 
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It will not be possible to compute satisfactory rations from 
the data given in Appendices i and 2, unless otner factors are 
also considered, and me specific requirements of different types 
of animals are mer. inere aie ouxcr matters jU:>t as important 
in determining the efficiency of a ration as are die amounts of 
digestible protein and total digestible nutrients. Some of these 
are the quality of the protein, ttic minerals and vitamins and the 
general suitability of me ration for a particular class of animal 
and for a particular purpose. Again, the proportion of concen^ 
trates to rougiiages is an important consideration in preparing 
rations for different types of animal. For example, heifers or 
idle horses may be satisfactorily maintained on good quality 
roughage alone, but a horse aoing hard worR or a eow yielding 
milk need a considerable amount of concentrates of certain kmds 
which depend on the amount of work done or milk produced, 
and as production increases it will be necessary for an increased 
proportion of the total digestible nutrients of the ration to be 
provided by the concentrates. 

Tne analyses, including the digestiblity data of all the more 
important foodstuff's likely to be used in India are given in 
Appendix i , and Appendix 2 shows the various amounts of nutri- 
tive material required for different classes of animals accord- 
ing to Morrison’s standards, and corresponding data worked out 
at Lyallpur. The Morrison standards are wddely recognised to- 
day among all workers in animal nutrition, and as similar 
standards, apart from those evaluated by the autlior for cattle 
and working buliock^, are not yet available for Indian condi- 
tions, the Morrison standards may be used as a satisfactory 
guide for computing rations. 

They are shown in Appendix 2 marked ‘M’, whilst corres- 
ponding data determined at Lyallpur using heifers, milch cows 
and working bullocks are shown marked ‘L’. Morrison has no 
standards for working bullocks, as bullocks are not employed 
for work purposes in the U.S.A. The evidence so far available 
from the Lyallpur trials show that, taken as a whole, the require- 
ments of Indian cattle for maintenance, milk production and 
work are somewhat lower than western standards. 

Bearing the above facts in mind and the general principles 
outlined above and in the previous chapter, it is now possible to 
show how representative balanced rations may be computed. It 
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should bo borne in mind that in computing all rations care 
should be taken to see that they are properly balanced not only 
in regard to digestible protein and total digestible nutrients but 
also in regard to all the other factors mentioned, such as the 
relative proportions of roughage to concentrates and in their 
mineral and vitamin content. 

Computing a Balanced Ration for a 600 lb. Dairy Heifer 

Before proceeding to discuss in detail how to estimate main- 
tenance and production rations a simple example will now be 
given showing how to compute a properly balanced ration for a 
growing dairy heifer of 600 lb. body weight. 

We will assume that the feeding stuffs available are: — 

1. Dry roughages: Wheat bhusa and berseem hay. 

2. Green fodders: Berseem and maize. 

3. Concentrates: Cotton seed. 

The table shown below may then be computed from the dahx 
relating to these foodstuffs as given in Appendix i: — 



Dry matter 

LB. PER LB. 

(OF THE FEED 

Total digestible 
NUTRIENTS 

LB. PER. LB. 

OP THE FEED 

Digestible 
protein lb. 

PER LB. 

OF THE FEED 

Dry loughage^ 

Wheat bhusa 

0.92 

0.45 

ml 

Berseem hay 

0.87 

0.50 

0,097 

Green fodders 

Berseem 

0.15 

O.IO 

0.022 

Maize 

0 2 I 

0.15 

0.010 

Concentrates 

Gotten seed 

0.94 

0.70 

0.120 


If now we refer to Morrison’s standai'ds as shown in Appen- 
dix the heifer would require the following nutrients: — 



Dry matter 

Total digestible 

Digestible 


lb. 

nutrients 

protein 



lb. 

lb. 

Morrison 

12.0 — 13.6 

7 . 7 -~*B .7 

0.94 — 1.06 


The corresponding figures derived from the Ly^llpur trials 
are somewhat lower than the American figures and hence more 
economical, but it might be advisable for stock owners in India 
to select figures intermediate between the two according to the 
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breed and condition of their aniinals and genera] climatic 
environment 

Dry matter Total digestible Digestible 

lb. NUTRIENTS PROTEIN 

lb. lb, 

Lyallpui 1 0,0 6.2 0.74 

Assuming for the sake of illustration that we wish to feed the 
heifer on bhusa alone, in order to provide the requisite amount 
of dry matter it would obviously be necessary to feed lb, 

of bhusa as bhusa contains 92 per cent dry matter; this works 
out to 10.9 or say ii.o lb. of bhusa. But although this ‘all-bhusa' 
ration would furnish the necessary amount of dry matter it 
would provide only 0,45 x 11=4.95 digestible 

nutrients and practically no digestible protein, because bhusa 
for all practical purposes may be considered to contain little or 
no digestible protein. It is clear therefore that bhusa alone will 
not meet the protein requirements of the animal. 

Let us see how far berseem hay alone will meet these. In 
order to obtain 10 lb. of dry matter the animal would need 
or 1 1.5 lb. of berseem hay which would contain 0.50 x u.5 
or 5.75 lb. of total digestible nutrients; and 0.097 x 11.5 or 
1. 1 16 lb. of digestible protein. Thus 11.5 lb. of berseem hay 
will provide the requisite lo.o lb. of dry matter, considembly 
more digestible protein than is needed, but slightly less total 
digestible nutrients. Therefore approximately 12.0 lb. of ber- 
seem hay will constitute a maintenance ration as regards dry 
matter and total digestible nutrients but will supply far more 
digestible protein than actually needed. 

In order to make the calculations so far clear the data for the 
two types of hay in regard to the nutrients they provide and 
the nutrients required by the animal are shown in tabular form 
below: — 

Accx)rdmg to Lyallpur data the 600 Ib. heifer xt^quircs: — 
Dry MATTER Total DIGESTIBLE Digestible 

NUTRIENTS PROTEIN 

lb. lb. lb, 

1 0.0 6.20 0.74 

and the dry roughages mentioned above provide the following 
nutrients: — 
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Dry matter Total digestible 

Digestible 


lb. 

NUTRIENTS 

PROTEIN 



lb. 

lb. 

Wheat bhusa ii lb. 

1 0.0 

5-75 

— 

Berseem hay 11.5 lb. 

1 0.0 

4-95 

1. 1 16 


Neither of these in the above amounts constitutes a balanced 
ration for the animal in question and to obtain one it is neces- 
sary either to increase the amounts of the single fodders or to 
mix two of the dr^^ roughages available, or one dry roughage and 
one green fodder. So we may proceed to balance the ration by 
mixing two of the dry roughages in certain proportions, and one 
green fodder. 

If we feed 35 lb. of green berseem to the heifer, wiiich con-* 
tains, on the basis of the digestibility data o, 1 5 lb. of dry matter^ 
o.io lb. of total digestible nutrients, and 0*022 lb. of digestible 
protein per pound of green berseem, the amounts of these res^ 
pective nutrients contained in the berseem are shown below: — 


Nutrients in 35 lb. of Green Berseem 
Total digestible 

.NUTRIENTS 


Dry matter 


Digestible 

protein 


lb. lb. 

0-1 5 X 35 = 5-25 o. 10 X 35 = 3.50 

But the requirements of the heifer are: — 
10,0 6.20 


lb. 

0.022 X 35 = 0.77 

0. 74 


therefore, if the nutrients supplied by 35 lb. of green berseem 
are subtracted from the total requirements of the heifer we will 
know how much must still be provided by some supplementary 
ration. The amount is as follows: — 




Total digestible 

Digestible 

Dry matter 

nutrients 

protein 


Ib. 

Ib. 

lb. 

Required by the heifer 
Supplied by 35 lb. 

10.00 

6.20 

0.74 

berseem green 

5-25 

3*50 

0.77 

Still needed 

4-75 

2.70 

the D.P. is in 
excess by 0.03 lb. 


We can now calculate how many pounds of wheat bhusa 
are required to furnish the additional 4.73 lb. of dry matter, and 
2.70 lb. of. total digestible nutrients. The amount of bhusa: 
needed will be lb., or, call it for the sake of conveni-^ 
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€nce in weighing, 5.5 lb. If corresponding calculations are made 
for the total digestible nutrients and digestible protein the total 
amount of nutrients supplied by 5.5 lb. of bhusa and 35 lb. green 
berseem axe as follows: — 



Dry matter 

Total digestible 

Digestible 



NUTRIENTS 

PROTEIN 


lb. 

lb. 

lb. 

Bhusa 

5.5 lb. 5.06 

*2.48 

— 

Berseem green 

35 lb' 5-25 

3-50 

0.77 


10.31 

5-98 

0.77 


This table shows that a mixture of 35 lb. of green berseem 
and 5.5 Ib. of bhusa would provide the heifer with the neces- 
sary amount of the various types of nutrients for maintaining it 
in health. 

The ration thus decided on provides about 0.31 lb. of dry 
matter and 0.03 lb, of digestible protein more and slightly less 
(0.22 lb) total digestible nutrients than the standard require- 
ments but it may be considered suitable as tlie slight excess 
of digestible protein will be an advantage rather than other- 
wise. 

In India it is the exception rather than tlie rule to feed both 
berseem and bhusa to animals of this type which are generally 
turned out into the fields to pick up whatever they can find. 
At the other end of the scale however, on scientifically conducted 
stock farms, a small amount of concentrate is usually fed in 
addition to the roughage. 


Examination of the Mineral Balance of the Above Ration 

Rations for heifers up to the time of calving should contain 
at least 10 grs, (0.36 of an ounce) of phosphorus (expressed as 
P2O5) and approximately 20 grs. of calcium (GaO) per day 
during the first year, and somewhat more afterwards. 

It will be seen from Appendix i, that the phosphorus re- 
‘quirements of the heifer are well met, and the calcium require- 
ments much more so, cheifly because green berseem is one of 
the richest calcium containing feeds available. 

Feeding stuffs vary very considerably in their mineral and 
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other nutrient contents and their values can never be computed 
on a strictly arithmetical basis, but the above figures are reason- 
ably accurate. 

Thus the amount of calcium and phosphorus, based on the 
analytical data, contained in 5.5 lb. of wheat bhusa and 35 lb. 
of berseem green are as follo’ws: — 




Calcium 

Phosphorus 



GRS. 

GRS. 

Wheat bhusa 

5-5 >b- 

5-65 

2.72 

Berseem green 

35 lb- 

63- 1 5 

13.38 



68.80 

16.10 


Example 2 

The same roughage as above but with some added cotton 
seed as concentrate. 

We may now ascertain how the nutrient requirements of a 
600 lb. heifer can be met if some of the bhusa and berseem are 
replaced by a ceirtain amount of cotton seed. 

If the bhusa is reduced to 5.0 lb. and the green berseem to» 
25 lb. tliis combination will provide the heifer with the follow- 
ing nutrients: — 




Dry matter 

ITotal digestible 

Digestible 




NUTRIENTS 

PROTEIN 



lb. 

lb. 

lb. 

Wheat bhusa 

5 lb. 

4.60 

2.25 



Berseem green 

25 lb. 

3-75 

2.50 

0.550 



8.35 

4-75 

0.550 


Therefore, if these figures are subtracted from the require- 
ments necessary according to the standard, it will be seen how 
much additional nutrients must be supplied by the cotton se6d, 
and consequently, from the digestibility data of the cotton seed,, 
to compute how much seed will actually be needed:— 
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Dry matter 

Total 

DIGESTIBLE 

NUTRIENTS 

Digestible 

PROTEIN 


lb. 

lb. 

ib. 

Required per standard 
Supplied in bhusa 5 lb. and 

10.00 

6.20 

0-74 

Berseem green 25 lb. 

8.35 

4-75 

0-55 

Still required 

1.65 

1.A5 

0.19 


One pound of cotton seed contains 0.94 lb. of dry matter 
therefore = 1.75 lb. or say 2 lb. of cotton seed would be 

needed. 


The addition of 2 lb. of cotton seed to the above ration con- 
sisting of 5 lb. of bhusa and 25 lb, of green berseem would add 


the following nutrients: 

— 




Dry 

Total digestible 

Digestible 


MATTER 

NUTRIENTS 

PROTEIN 


lb. 

lb. 

lb. 

Bhusa 5 Ib, 

4.60 

2.25 

— 

Berseem green 25 lb. 

3-75 

2.5G 

0.550 

Cotton .seed 2 lb, 

1 . 8a 

1.40 

0.240 


10.23 

6.15 

0.790 


We thus see that the ration is well balanced, and although 
it is slightly richer in all nutrients compared with the standard, 
it is gener^ly safer to feed an animal slightly more rather than 
less of the calculated requirements. 

The Mineral Balance of the Second Ration 

The bhusa, berseem and cotton seed of the ration supply 
calcium and phosphorus as shown below: — 




Calcium 

Phosphorus 



ORS. 

GRS. 

Bhusa 

5 lb. . . 

5-13 

2.48 

Berseem green 

25 lb. .. 

45.10 

958 

Cotton seed 

2 lb. . . 

2.54 

1 1.06 



52-77 

23.10 


Both calcium and phosphorus are more than adequately 
provided for. 
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The above two balanced rations represent winter feeds, and 
for comparison a summer ration for die same heifer will now be 
shown. 


Summer Ration 

If the available fodders are green maize and berseem hay, 
and 30 lb. of green maize are fed the amount of nutrients con- 
tained in the maize can be determined as before. Thus 30 lb. 
of green maize will contain: — 


Dry matter 
lb. 


Total digestible 

NUTRIENTS 

lb. 


Digestible 

PROTEIN 


lb. 


6.30 


4*50 


0.300 


If these respective nutrients are subtracted from the comes- 
ponding figures needed according to the standard it will be clear 
that the balance will have to be supplied by the berseem hay : — 

Dry matter Total digestible Digestible 




nutrients 

PROTEIN 


Ib. 

lb. 

lb. 

Reiquirements 

10.00 

6,20 

0.74 

Nutrients supplied in 

30 lb. of green maize 

6.30 

4-50 

0.30 

Still required 

3-70 

1.70 

0*44 


One pound of berseem hay contains 0.87 lb. of dry matter, 
0.50 lb. of total digestible nutrients, and 0.097 lb. of digestible 
protein, therefore, the 3.70 lb. of dry matter still needed may be 
supplied by 5^ = 4.25 lb. of berseem hay, correspondingly the 
1.70 lb. of total digestible nutrients still needed may be provided 
by berseem hay, and the 0.44 lb. of digestible 

nrotein still needed will require 4*54 of berseem 

hay. If, therefore, the nutrients thus provided by the berseem 
hay are added to those supplied by the 30 lb. of green maize 
the following figures will be obtained: — 
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Maize green 30 
Berseem hay 4.5 


Dry Total digestible Calcium Phosphoru 


MATTER. DIGESTIBLE 

NUTRIENTS 

PROTEIN 

Gao 

P. 0 , 

lb. lb. 

lb. 

gms 

gms 

6.30 4.50 

0.300 

14*99 

30.41 

3.92 2.25 

0.437 

5S.97 

7.26 

19*99 6.75 

0.737 

7396 

37.67 


The figures for dry matter and total digestible nutrients, 
are slightly above the standard but show nevertheless that the 
ration is well balanced. 

Thus if one cashes to know how to compute a properly 
balanced ration for an 800 lb. dairy cow giving 20 lb. of milk a 
day, the information can be found in the same"^way by reference 
to Appendices i and 2 and the observance of die aforementioned 
general principles. fSee Chapter IX.) 
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CHAPTER VI 

FEEDING STUFFS 

In this chapter a detailed account will be given of the 
various feeding stuffs met with in India, the chemical analyses 
of which are used in computation of rations according to the 
feeding standards. In a country the size of India, with its varia- 
tions in climate and soil features, uniformity in distribution of 
feeding stuffs cannot be expected. Furthermore, it is inevitable 
that the analysis of any particular material will vary according to 
the locality from which it is obtained, the soil on which it is 
grown and the stage of growth at which it is sampled (this 
applies to growing plant material) . Such variations may be 
considerable. Nevertheless, whilst bearing these facts in mind, 
the computations of rations "in this book are based on what may 
be considered to be average standard analyses. 

Feeding stuffs may be divided into two main types: — 

( 1 ) Roughages. 

Succulent feeds such as green fodders and roots. 

Dry feeds such as wheat bkusa and hays (see Chapter VII). 

(2) Concentrates. 

Carbonaceous — such as the cereals. 

Protein rich — such as legume seeds and oilseed cakes, etc. 

SUCCULENT FEEDS 
(a) Natural grazing 

During the monsoon in India, grass both in the hills and 
plains makes prolific growth, and furnishes grazing to millions 
of cattle, goats and sheep. With the onset of the cold weather, 
however, the grass available decreases in amount and in quality, 
until in due course, the majority of grazing groimds in the more 
arid areas provide very little natural grazing of any great value. 
In the provinces certain forest lands are available for grazing, 
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but only about one in twenty of the animal population of the 
country can obtain access to them, the r^t subsisting on what- 
ever pasturage they can find on land adjacent to the villages. 

In some of the Government forests, controlled grazing is 
practised over limited areas which are periodically closed. The 
available grazing on lands in charge of the Forest Department 
can exert only a slight influence upon the larger problem of find- 
ing grazing facilities for India’s animal population, and it can 
truly be said that there is little or no attempt either to cultivate 
grazing grasses or to control grazing on natural grazing areas 
over the major part of the waste land of India. In the hilly 
tracts the picture is somewhat different owing to the higher and 
more evenly distributed rainfall, but even there, over grazing is 
leading to the destruction of vegetation, and incidentally the soil, 
[Lander 1942.] 

On certain lai'ge estates and Remount Depots, systematic 
efforts have been made to set apart areas of land for permanent 
grazing, or for the production of grass for hay. This develop- 
ment was advocated as long ago as 1886 by Symonds 
who urged that pasture grasses should be systematically culti- 
vated on permanent pasture lands and not solely as one of the 
crops in a rotation. The development of good quality pasture 
both for grazing and hay making is well worth more attention 
than it at present receives, and the general farming community 
appears still to be unaware that with careful attention, and 
provided the necessary water is available, it is possible to obtain 
from grass a feeding stuff for farm stock as rich as many of the 
commonly used concentrates. 

Factors Affecting Nutritive Value of Pasture Grasses 

Data are still somewhat meagre on the nutritive values of 
Indian grasses. 

Young and actively growing plants are richer in protein cal- 
culated on a dry basis than when they are usually cut for hay. 
They are also softer, contain less fibre and are more digestible 
than when old. As a rule they contain more calcium and phos- 
phorus on a dry basis, and are decidedly richer in vitamin A. 

Grasses from well grazed and controlled pastures will in- 
variably show a higher protein -and general nutritive content 
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than so called mixed grasses cut at the usual stage of maturity. 
The latter may sometimes show a protein content no better 
than wheat bhusa, or even less. 

Young actively growing grass of good type and species is an 
invaluable source of roughage on any stock farm, and in many 
ways comparable in feeding value with some of the protein rich 
concentrates such as bran, linseed cake, etc. 

Grass, however, generally contains a greater proportion of 
fibre than concentrates and therefore cannot, as a rule, fully take 
their place in farm rations. 

Fastuie Impwvemerit 

Good management is essential in any system of pasture im- 
provement in order that the grass may be kept actively growing 
over as long a period as possible, for encouraging the growth 
of desirable grasses and legumes, and at the same time keeping 
down w^eeds and inferior grasses to a minimum. 

In dry districts where water is not abundant it is important 
that tile pasture should not be grazed so intensely that seeding 
cannot develop, although in wetter areas it is better if matters 
are so arranged that grass is not allowed to go to seed. 

Both under-grazing and over-grazing should be avoided. In 
the former case grass tends to become fibrous and unpalatable 
and of low nutritive value and young growth is inhibited. On 
the other hand over-grazing will reduce the yield, and the grass 
will never get the chance of arriving at the optimum nutritive 
stage of maturity, nor will the roots be able to replenish their 
stores of plant food nutrients. Over-grazing also brings in its 
train attendant evils such as impoverishment of the soil and 
erosion. 

When animals are kept on one pasture throughout the year 
the system known as rotational grazing should be adopted. 
This involves fencing the pasture area into fields or paddocks 
which are then grazed in succession, so that the animals can be 
periodically removed from one field to another; the grass will 
thus have a chance to develop new growth unhindered. This 
system will give greater yields of totd digestible nutrients and 
increase the milk yield of dairy cows. It is particularly useful 
for high yielding cows and is also commonly employed in rear- 
ing sheep. 
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A system of glazing long practised in Germany where pasture 
production is brought to a high level of efficiency, is the welh 
known Hohenheim system, which involves rotational grazing 
combined with liberal manuring. The pasturage is divided 
into a number of paddocks and milch cows are first allowed to 
graze on each plot in succession for some days so as to obtain 
the most nutritive part of the grass, and then dry cows, heifers 
or other stocks are turned in to graze the remaining less nutri- 
tive parts. This system naturally requires a considerable area, 
sufficiently large to permit a part always to be free so as to 
enable new growth to develop 

Pasture land should receive periodic applications of dung 
and should then be harrowed so as to spread it evenly over the 
surface There is undoubtedly a very strong case to be made 
out for a more systematic cultivation of pastuie grasses, both as 
natural pastures, and also for hay to seive as reserves m times 
of scarcity. 

The following are the more important common grasses of 
India in an approximate order of merit which might be used for 
such purposes: — 

1 Dhub {Cynodon daciylon). 

2 Anjan [Peaniseium cench aides) 

3. Palwan {Andropogon pertusus) . 

4. Chhimbar [Eleusine flagellifeia) . 

5. Spear grass {Andropogon contoitus). 

Dhub grass, (Cynodon dactylon) 

Dhub or hanah grass is one of the best and most ubiquitous 
of Indian grasses and is superior to every other herbage in the 
country for sweetness, heaviness of yield and nutritive value. 
It needs a deep, rich and moderately light soil to obtain the 
best results, but judgment is needed in selecting the ground, 
though dhub will flourish even in poor paddy soils if they are 
carefully prepared. For getting the best results from dhub, well 
rotten farmyard manure should be dug in to a depth of at least 
one foot. An excellent way to plant is to make a long furrow in 
which fresh dhub roots are systematically laid and then covered 
up. Once the grass is well up, watering twice a month should 
suffice The yield from dhub grass land varies, but when the crop 
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is well established and a pasturage has developed, it should be 
possible to obtain a total yield of 10 maunds per acre per annum 
from successive cuttings, (Plate VIII.) 

The question may be asked — Will it pay to incur the expense 
of manure and cultivation to grow such pasturage ? The answer 
will naturally depend on the nature of the soil, the locality, the 
availability of natural and compost manures and the yields 
and nutritive value of the grass produced. In southern India 
even dry lands will yield two crops of dhub during the mon- 
soon with an average protein content on a dry basis varying 
from 8 to 14 per cent, depending on the stage of ripeness at cut- 
ting time. 

The writer has found 20 per cent of protein, calculated on 
the dry material, in dhuh from Hissar in the Punjab. 

The table on p. 150 shows the analysis of dhub grass from 
the Government Cattle Farm, Hissar, in comparison with those 
of certain other representative fodders. 

Anjan or kolukattai. (Pennisetum cenghroides) 

Anjan or kolukattai grass is widely distributed in India and 
has a higher feeding value than most other grasses except dhub, 
and contains about 4 per cent of digestible protein and 55 per 
cent of total digestible nutrients based on the dry matter. It 
thrives best on a good loam soil with an average rainfall of 25 
inches a year. It will produce excellent natural pasture if 
periodically manured and harrowed. It may also be used for 
silaging. It is palatable and nutritious and highly relished by 
all kinds of stock. (Plate IX.) 

Palwan grass. (Andropogon pertusus) 

Taiwan grass is found all over India in the plains, and in the 
lower hills. It grows quickly, will stand cutting very well, and 
makes an excellent fodder grass which is very much relished by 
cattle. It compares favourably in protein content with most 
other pasture grasses, and investigations at Lyallpur have shown 
that from June to November the protein content of palwan 
grass grown at Sirsa in the Punjab may contain as much as 6 
per cent protein or as little as 3, depending on the time of year 
it is cut and the climatic and other conditions prevailing. 
(Plate X.) 
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Chhimhai gmss. (Eleusine flagellifera) 

Chhimbar or ghantil is a sinuous grass which sends out 
mnnei'Sj and is probably the next most abundant grass in 
northern India after dhub, and forms a useful fodder both when 
grazed or when made into hay. It does particulari’y well after 
the rains and takes the place of dhub on sandy soils in which the 
latter does not thrive well. In the young stage chhimhai grass 
forms a nutritious fodder containing from 5 to g per cent pro- 
tein and compares favourably with dhub and palwan. (Plate XL) 

Spear grass, (Andropogon gontortus) 

There are many species of grass of the genus Andropogon^ of 
which A^id'topogon contortus is probably the most common. 
This is commonly known as spear grass and is found all over 
India. 

Andiopogon contortus is a good fodder crop when young, al- 
though it is coarser and contains more fibre dian many pasture 
grasses. Gkxxl hay can be made from it if it is cut before it 
dowers. The only objection to the grass is the presence of 
sharp spike-like awns on the ripe seeds which become twisted 
together like the strands of a rope and cause considerable annoy- 
ance to animals which eat it. 

This grass is one of the chief pasture grasses in the hills of 
northern India and many of the hays made from grasses collect- 
ed in the hills contain a very large proportion of spear grass. It 
is also one of the most commonly found gi'asses in Madras and 
southern India. 

A machine for removing these awns is shown in Fig. 7. 

Explanatory Note to the parts and working of the comb. 

L Seat. 

2. Two iron wheels of i foot diameter . 

3. Adjustable fork. The fork can be made adjustable by 
having holes in it. A bolt can be passed through the frame and 
fixed in the required hole. 

4 . Framework. This can be made of iron or wooden 
reapers to stand the strain. If wooden, the reapers should be 2 
feet thick and 2 feet broad. The framework is 6 feet by 2 feet 
with intermediary reapers for strength. 
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5. Teeth of the comb. The teeth are try inch by J inch by 
9 inches. They are riveted to a flat iron by twisting at the base to 
form the shape of an ordinary comb. The interspace between 
tooth and tooth is | inch. The front portion of each tooth is 
sharpened like that of an ordinary comb. 

6. Shaft. This is an ordinary wooden pole. 



Fig. 7. Comb. Implement used for combi.ng spear grass. 


7. Yoke. 

8. Shaft Supports. These are iron flats fixed to the frame. 
The shaft is fixed to these supports in turn. Two supports are 
necessary to give sufficient strength. One is raised from the 
front and the other from the back reaper of the frame. 

9. Seat Supports. These supports are raised from the 
framework simply to bear the weight of the driver. 
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Fitting up the pm is 

No. 5 The flat iron to which the teeth are riveted is fixed 
to the framework No. 4. 

Wheel 2 is fixed to the fork 3. 

The fork is fixed to the frame 4 by means of a nut and bolt ^0 
that the fork will be at right angles to the frame, i.e, the 
comb will be parallel to the ground. The shaft supports are 
fixed to the frame and shaft fixed to the supports in turn 
The shaft and teeth should face the same direction. A yoke 
is attached 10 the shaft and the seat fixed to the frame by means 
of seat supports. 

Animals are tied to the yoke and driven. The machine 
moves on the wheels and tlie teeth which are below the level of 
the flower heads begin to comb the grass. The awns which are 
easily detachable when well ripe are caught in the teeth. When 
a sufficient quantity of awns is deposited on the teeth, the animals 
are stopped and the awns pushed down by means of a forked 
stick. The awns thus collected are removed by coolies in 
baskets. 

Some other common species of Andropogon found widely 
distributed throughout India and generally regarded as good 
cattle fodders are: — 

1. Andropogon foveolatus, Del. 

2. Andropogon moticola^ Schult 

3. Andropogon annul at us, Forsk. 

4 Andropogon laniger, Dest. (Plate XIII.) 

Feiennial rye grass. (Lolium perenne) 

Efforts are continually being made to improve fodder grasses 
and more attention might be directed to the cultivation of wild 
perennial rye grass, specially in the hills. 

This grass can be seen growing luxuriously in many places 
in hill stations in northern India along road sides, where it has 
spread apparently from lawns where it had been planted for 
ornamental purposes in the past. Perennial rye is an excellent 
fodder grass and resists frost, and if it could once be introduced 
it should continue growing in village lands throughout the winter 
when the ordinary indigenous grasses are damaged by frost. 
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Such cultivation would redact the amount ot latnt! f{‘d grasses' 
necessary, as cattle would be abit‘ to gra/t‘ all tht‘ \car round 
on the lye grass. To cultivate this grass ont* ^licnild ust' 
only the best seed, which should he scattert'd <>\( r the land and 
raked or harrowed in. If the grcaind could he co\'(Ted with 
manure before this operation so much tiu* !>t^ttcu'. Rye grass 
does well in Australia even in places when* dry ('onditions pre- 
vail and tlie lieat mav be as great as in India. It should flourish 
in all the lower foothills and vall(‘ys and in tht* highlands of 
southern India, and should ])rov<‘ invalualde if properly culti- 
vated for supplementing the all too scanty grazing gras^t's avail- 
able. 

It might prove particularly useful if cultivated extensively in 
such places as the Kangra valley in the Punjab, where grazing 
is very deficient, specially if combined with leguminous crops such 
as berseem. (Plate XIV.) 

(b) Cultivated gra.ssks 

Some particularly useful grasses lor soiling or silage crops are 
elephant grass, guinea grass, Sudan giass, Rliodes grass and 
teosintc. 

Elephant gias^ {Xapier). (PKNNiSK'ruM PURPi’RLUMj 

I’his grass dex^s well on well drairuxi sandy loam ^oils, but 
is likely to impoverish the .soil unless it i.s p(‘riodically manured. 
It gives very high yields, but is not as palatable* as some other 
grasses and green crops .such as juar and maize. It compares 
well with green oats as regards its total dige^stihk* nutrient con- 
tent and in this respect there is little to cb(X)si‘ lx‘tw'(*('n elephant, 
guin'ea and Sudan grass, except that Sudan grass is somewhat low 
in digestible protein. With proper care six cuttings of green 
fodder, and, under irrigated conditions up to 600 maunds per 
acre, can be obtained from elephant grass. 

Elephant grass needs to be repeatedly ploughed, and if possi- 
ble should be irrigated immediately after (*ach cutting. After 
a few years the clumps become so large tliat they hinder culti- 
vation and should be thinned by digging out and planting else- 
where. When the plant is about three feet high, tlie grass 
becomes hard and fibrous and unsuitable as fodder. It should 
therefore be harvested before it becomes too fibrous. 
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Guraea grass. (Panicum maximum) 

Guinea grass is a perennial plant with finer leaves and is 
more nutritious than elephant grass (Napier) . Once planted it 
forms a source of green fodder for many years. It is palatable 
and relished by all kinds of livestock. It also has the advantage, 
unlike elephant grass, of not becoming coarse even when fully 
grown. 

The grass can be growm along water channels on any land 
which cannot be used for other crops. It thrives best under 
warm moist climatic conditions and on almost any type of soil 
provided the soil is well drained. The best crops are obtained 
on fertile loams but it is advisable to apply farmyard ipanurc at 
the rate of 15 to 20 cart loads per acre before planting 

The first cutting can usually be taken about 2] months 
after planting, and then at intervals of 1 1 to 2 months through- 
out the growing season, varying with the type of soil and the 
water available. It should be possible under favourable condi- 
tions to obtain a total yield of from 400 to 600 maunds per acre 
per annum. 

Guinea grass continues to give good crops for a number of 
years with regular manuring and proper interculture, but after 
about six years, when the clumps have become very big and 
ploughing between the rows is difficult and the tussocks are 
dead in the centre, the grass should be transplanted in another 
field. 

Sudan glass. (Andropogon sorghum var. Sudanensis) 

Sudan grass (Plate XV) is somewhat inferior to guinea and 
elephant grass and when cut at the milk stage has not proved to 
be a maintenance ration for dry heifers at Lyallpur. It yields 
only about 0.4 per cent or half the quantity of digestible protein 
present in guinea grass. 

Rhodes grass. (Ghloris gayana) 

Rhodes grass is a perennial cultivat?ed plant which thrives 
best on good loam soils which retain moisture well. It also does 
well on light loams if these are manured. This grass is capable 
of giving a considerable number of cuttings of palatable and 
nutritious green fodder during the year. Guttings may be made 
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every montli on good soils if these arc well manured and 
watered, but growth generally stops in the winter in northern 
India. 

Rhodes grass produces runners which take root at the nodes 
thus giving rise to new plants. It has fine leaves which do not 
become coarse and is very palatable and relished by livestock, 
especially horses. It is usually ready for cutting two months 
after planting, and besides being used as pasture can be made 
into excellent hay. The protein content of Rhodes grass varies 
from 4 to 8 per cent. 

‘Teosinte, (Euchlaena mexicana). Vern. Makchari 

Teosinte is believed by some people to be the wild form of 
the cultivated varieties of maize and does well under condi- 
tions similar to those which suit maize. It thrives best under 
hot humid conditions but also does well under irrigation and 
requires a rich soil and periodic manuring. The plants tiller 
profusely and give rise to a number of shoots forming thick 
clumps, and under favourable conditions they reach a height 
of 12 feet. The crop is usually ready for harvesting in 3 to 3 J 
months after sowing and may yield as much as 400 maunds of 
green stuff per acre. In northern India if teosinte is sown late 
at the end of July it is usually ready for fodder in October and 
November when there is usually a scarcity of green fodder. 

Teosinte can also be cultivated mixed with leguminous crops 
such as velvet beans and soybeans, both of which take about the 
same time as teosinte to mature. When grown for seed the dry 
stalks are usually fed to bullocks after removing the seeds. 

If the crop is sown early in March and April in northern 
India two or three cuttings may be obtained ; the first being 
available in May or June depending upon the time of sowing. 
In this case, however, the soil should be vciy rich and receive 
liberal irrigation. 

Teosinte also grows well in southern India. 

(c) Cultivated fodders 
'Juar, (Andropogon sorghum) 

There are several varieties of juar {cholam in south India), 
which are widely cultivated, buv the sweet ones are best, and 
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are extensively used as fodder crops in the Punjab and also for 
food grains in the Central Provinces and southern India. Some 
of the poorer types of juar are not as good as the fodder grasses, 
and may contain only about 0.4 per cent of protein and are 
not maintenance rations for dry heifers. Some of the improved 
types, however, have higher nutritive values, and the yields will 
vary according to the type, locality and rainfall, and may be as 
high as 500 to 800 maunds per acre. The sorghums, described 
more fully in Chapter VIII, in drought conditions are liable to» 
cause prussic acid poisoning and death among animals which 
cat them. (Plate XVI.) 

Bnjra* ^Pbnnisetum typhoideum) 

Bajra, known as ciimhu in south India, is an important 
millet grown both m the bar am and irrigated tracts of India. 
It is the second most important crop of southern India and 
covers an area of nearly five million acres in the Madrats Presi- 
dency. It makes an excellent green fodder and, if well cured, 
a good hay. (Plate XVII.) 

The straw is not as good as cereal straws but is much better than* 
paddy or rice straw and animals prefer it to the latter. 

Some of the less important millets common to south India are‘ 
tenai {Setaria italica^ Beauv) and varagu {Paspalum scrohi- 
culatum. L) which are poor in quality and are not frequently 
used. 

Ragi or mandal. (Eleusine cora^ana, Gaertin) 

Ragi^ known as mandal in northern India, is an important 
millet grown wherever there is a well distributed rainfall of 30 
inches or more and it will tolerate salinity in soil better than most 
crops. Ragi is usually fed green after the ear heads have been 
harvested as animals much prefer it in this condition to the dry 
straw. Ragi^ however, is not extensively used a^ a fodder crop^ 
in northern India where it is mostly grown for seed. In some 
parts including south India and Bengal it is much preferred, 
however, to paddy straw. 

Oats* (Avena sativa) 

The cultivation of oats, of which there are many varieties, is. 
largely restricted to places where horse bregding is practised.. 
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Oats are of high nutritive value when cut green soon after the 
flowering stage, when they may contain 10 per cent of total 
digestible nutrients and 1.2 per cent of digestible protein on a 
dry basis. The broad leaved varieties give higher yields as a 
rule than the fine leaved ones. Oats are moderately rich in 
calcium, which varies from 0.73 to i per cent and phosphorus 
which may be somewhat higher ; they thus have a better balanced 
calcium-phosphorus ratio than lucerne. Oats require the same 
type of climate and soil as wheat, but as they mature later they 
require more water. 

French oats have a thick straw and broad and coarse leaves, 
while the Algerian variety and F0.S.-1/29 both have very fine 
straw and leaves which make them more desirable both for 
green fodder and for hay. Green oats, especially the fine 
varieties, are particularly suitable for horses, dairy cattle and 
farm stock generally, and should be grown wherever possible. 

€heena* (Panicum miliaceum) 

Cheena is one of the inferior millets and is cultivated in bomc 
parts of the Punjab plains for grain and fodder, and is common 
in many parts of the Himalayas up to the Indus and also in 
other parts of India. Its grain is digestible and nutritious and 
may be used for poultry. It is also used in human dietaries 
especially by the poorer classes. 

Velvet beans. (Stizolobium deeringianum) . Vern. Makhmali 

SEM 

The velvet bean is a leguminous plant with broad tender 
leaves and sends out many sinuous vines which trail on tlie 
ground giving a luxuriant growth which completely covers the 
soil, thus reducing evaporation to a minimum and enabling the 
plant to resist drought to a considerable extent. 

It is cultivated in many parts of India and thrives best 
under moist warm conditions where rainfall or irrigation is 
sufficient. 

The velvet bean is a new-comer to northern India where it 
can be sown from April to August, the best results being obtain- 
ed from July sowings during the monsoon. The seed germinates 
after about a week, and thie crop should be ready for fodder 
after 3 *to 4 months and may yield up to 250 maunds per acre. 
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The green fodder is very nutritious and its protein is highly 
digestible It is also rich in calcium, phosphorus, iron and 
iodine, and on account of these qualities is an excellent foddei 
for farm animals, particularly young growing stock. 

Maize * (Zea mays) 

Maize thrives in warm damp regions and requires a rich, 
well manured soil It provides a continuous supply of nutritive 
fodder of approximately the same value as green oats, but with 
a slightly lower protein content. It is valuable for all types of 
farm stock. An average crop of 250 maunds or even 300 
maunds or more per acre may be obtained if grown with cow- 
peas which enrich the soil with nitrogen. Maize has a digestible 
protein content of about i per cent and 13 per cent of total 
digestible nutrients (Plate XVIII ) 

Lucerne* {Medig\go sativa) 

Luoeme (Plate XIX) is a valuable peiennial which may 
yield 6 or 8 cuts a year continuously for several years under 
irrigated conditions. It has a deep tap root and can resist 
drought but not water-logging. It thrives on well drained 
medium calcareous loams, and if well manured should yield up 
to 600 maunds or more per acre annually. The best time to 
cut lucerne is when it is still young, as later on it becomes fibrous 
and indigestible. It is best to feed lucerne when in a slightly 
wilted condition. It is an excellent forage for horses, cattle, 
sheep and pigs but if given in too great quantities may cause 
bloating. It is also valuable for poultry and may be sown in 
poultry runs, but it should not a rule be grazed as it is very 
easily trampled down and damaged. Lucerne is a valuable 
supplement to pasture as a soiling crop, and it may also be 
silaged, preferably with an equal quantity of green oats. 

If cut just before the flowering stage lucerne has 3.2 per 
cent of digestible protein and 14.7 per cent of total digestible 
nutrients. It is moderately rich in calcium, distinctly poor in 
phosphorus, but has a high carotene content 

Lucerne should find a place in the rationing schemes for all 
stock as it is one of the best all round green fodders. 
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Beiseem oi Egyptian Cloveu (Trifolium alexandrinum) 

Berseem is an exotic crop having been imported into India 
from Egypt and is specially suited to irrigated tracts and areas 
of high rainfall. It cannot be grown under drought conditions. 
It is essentially a cold weather ciop, and, belonging to the 
legumes, enriches the soil by virtue of the nitrogen fixing 
bacteria present in the root nodules. If these bacteria are 
absent from the soil the plant remaim sickly in growth and gives 
scanty yields. In such cases heavy and careful manuring must 
be done before sowing, or better still, the seed should be ino- 
culated with the proper nodule forming organism. Once the 
seed has been inoculated and a crop produced, further inocula- 
tion is unnecessary (Plate XX.) 

It is an extremely prolific crop, and from 4 to 7 cuttings 
weighing up to 1,000 maunds per acre can be obtaining during 
the season, Berseem contains up to 2.3 per cent digestible 
protein and 10 per cent total digestible nutrients, and is one of 
the most valuable fodder crops for stock, including horses. Work- 
ing bullocks can be maintained on berseem even when doing hard 
work and receiving no added concentrates. A small quantity 
of dry roughage, however, is advisable. 

Peistan clovei or SIiaftaL (Trifolium resupinatum) 

Indian Clover or Senji, (Melilotus parviflor\) 

Shaftal and senji are closely related to berseem and con- 
tain a somewhat higher content of digestible protein and total 
digestible nutrients, but they are more liable to cause bloating in 
cattle. Partly on this account, and partly because they give 
considerably lower yields, they are now being largely replaced 
by berseem. 

The cultivation of shaftal is similar to that for beiseem but 
unlike the latter, shaftal does not need to be inoculated. On 
the other hand berseem need not be inoculated if shaftal has been 
grown on the land in the previous year. It yields only about 
half to two-thirds as much as berseem, an average being 400 
maunds per year. 

Senji has been cultivated from time immemorial and is still 
extensively grown, but owing to its tendency to cause bloating it 
it, like shaftal, being replaced bv berseem. 
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Sunflower. (Helianthus annuus). Vern. Suraj Mukhi 

The sunflower is an excellent green fodder and has the 
advantage over some other fodder crops of being cultivatable 
throughout the year by successive sowings, and does well both 
in north and south India. It does best on well drained medium 
loam soils which should be well manured, but it will not tolerate 
water-logging. Under careful cultivation sunflower has yielded 
in the Punjab as much as 450 maunds of green fodder per acre 
which forms a palatable and useful feeding stuff for aJl classes 
of livestock. Cattle show a particular liking for it. The best 
time to feed “the crop is when the seed is in Ae soft milky stage, 
when it contains about 2.5 per cent protein and constitutes a 
maintenance ration wliich compares very favourably with many 
other green fodders and pasture grasses. Later on the stems 
become hard and fibrous. 

It also makes excellent silage, the best stage for which is when 
the seeds are well formed but have not become hardened. If 
cut at an earlier stage than this the crop is too succulent for 
making good silage unless it is partially dried before being 
ensiled. It is advisable in any case to l^ve the crop on the 
ground for 24 hours after cutting before being ensiled. 

The sunflow'er is not a good crop to use for preparing hay, 
as after the seeds have ripened the rest of the plant is generally 
too hard and fibrous to be attractive to cattle. 

It is very exhausting to the soil and should be followed by 
green leguminous crops or by fallowing and manuring the land. 


DRT FODDERS 

Lucerne hay. (Medicago satxva) 

Lucerne hay perhaps varies more in nutritive value than 
other kinds, the extent of variation depending in a large degree 
on how it is prepared and handled when re^y for use. This 
is on account of the fact that the stems are very brittle and 
liable to break off and be lost. The hay should be prepared 
during dry weather, and when mature should be of a rich green 
colour. Its value on the farm lies in the high protein content 
of the leaves which contain nearly 80 per cent of the entire pro- 
tein content of the plant Great care, therefore, should be 

L 
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taken in hay making to guard against loss in leaf material and 
to avoid exposure to rain in the late stage of curing as this may 
cause great diminution of food value. 

The crop should be cut at an early stage when the percentage 
of protein is high, the fibre lowest, and the digestibility greatest 
This will produce suitable hay for dairy cows, sheep, pigs and 
poultry. On the other hand, hay made from a more mature 
crop may be better for horses as it is less laxative. The curing 
process, however, is even more important than the precise stage 
at which the crop is cut, and bad curing may overmask the 
difference in feeding value between hays cut at different times. 

The protein content of lucerne hay is considerably higher 
than that of most hays, averaging from 12 to 15 per cent and 
it is much more digestible, but it may show wide variations, and 
hence there may be greater differences in the amount of con- 
centrates needed to balance rations for cows on lucerne, than on 
a corresponding good grass hay. 

One of the great merits of lucerne hay for dairy cows and all 
young stock is its richness in calcium which may amount to 1.5 
per cent on a dry matter basis. The phosphorus content is, how- 
ever, only about 0.2 per cent on an average, and hence it is not 
well balanced in this respect. Carefully cured lucerne hay is 
also extremely rich in carotene (vitamin A), and in vitamin D. 

Lucerne hay, therefore, furnishes one of the most valuable 
rough^es for almost all classes of stock, particularly growing 
animals and milch cows. 

Berseem hay, (Trifolium alexandiunum) 

Berseem hay is approximately as rich in protein as lucerne, 
averaging about 14 per cent and is an inv^uable fodder for 
almost all cleisses of stock. It is very rich in calcium, exceeding 
lucerne in this respect, with an average figure of nearly 3 per 
cent on the dry material, and a high phosphorus content around 
0.355 hundred pounds of berseem hay contain 

9.7 pounds of digestible protein and 43.5 pounds of total digesti- 
ble nutrients. 

Oat hay, (Avena sativa) 

All the small grain cereal plants are suitable for making 
into hay, and the one most commonly used for dairy stock in 
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northern India is oats. It is the basic ration for aii the experi- 
mental work on cattle done at Lyailpur and constitutes a good 
maintenance ration for 800 lb. dry cows. 

Well cured oat hay resembles in composition some of 
the better pasture hays, but it is low in protein when cut at the 
usual stage for hay making. If cut for hay at an earlier stage 
it may contain up to 12 per cent protein on a dry basis. An 
average oat hay contains about 5 per cent protein on a dry basis, 
and is low in both calcium and phosphorus. It has a digestible 
protein content of o.qo pound and a total digestible nutrient 
content of 4.62 pounds. Oat hay constitutes an excellent feed 
for most types of stock and is a suitable roughage for mature 
horses. When oat hay is used for dairy cattle it is better to give 
it as a part of the roughage with a legume hay. 

Straw and Chaff 

As fodder plants approach maturity most of the nutrients 
which have been built up in the green growing leaves are trans- 
ferred to the seeds, and consequently the straw which ultimately 
remains after threshing, consists of the mature and more or less 
dead leaves and stems and contains but little fat, protein and 
carbohydrates, but is chiefly composed of the more indigestible 
fibre. It is also lacking in minerals although silica may be high. 
The straws of the different types of cereals vary considerably 
according to the stage at which the plants are cut, the climate 
and the soil, but they are invariably lower in nutritive value 
than good hays. Their chief value is to serve as bulk roughages 
for ruminants, and they should not under normal conditions 
form any appreciable part of the roughages for dairy cattle and 
sheep, or for horses and mules at work. It is nevertheless un- 
doubtedly a fact that a very large percentage of Indian cattle 
have to depend largely on straw for their rations. 

Oat Strom 

Of the various straws, oat straw is by far the best due to the 
fact that oats are usually cut before they are fully ripe. It 
contains less silica than wheat straw and is softer and more easily 
digested. It is the only straw which should be fed to horses, 
and then only in small amounts. It may, however, be used for 
fattening cattle and dairy cows either long, or cut up into a 
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moderate length as chaff. It has no special merits, and need 
not be used if a more economical hay is available. 

It is invariably lower in nutritive value than most grass hays 
except, of course, those over-mature hays which are little better 
than dead leaves and stems. A reasonably good oat straw con- 
tains about i.o per cent of digestible protein and from 35 per 
cent to 40 per cent of total digestible nutrients. 

Barley straw. (Horbeum vulgare) 

Barley straw comes next in order of nutritive efficiency ; it is 
generally threshed at a late stage and contains approximately 
the same percentage of digestible protein and total digestible 
nutrients as oat straw. 

When cut into chaff and fed with roots, barley straw is 
better than wheat straw and likely to give better results than 
poor oat straw. 

Wheat straw. (Tritigum sativum) 

Wheat straw is one of the poorest feeds, though for a large 
proportion of animals in northern India as bhusa it forms a con- 
siderable part of the roughage which they get. It should be 
used chiefly for bedding. 

If an ordinary analysis of wheat straw be compared with 
oat straw, not much difference will be found, but the former 
as a rule contains a higher percentage of crude fibre and silica, 
which lower its digestibility, hence ffie total digestible nutrients 
will invariably be lower than in the case of oat straw. 

It must be borne in mind that the digestible nutrients con- 
tained in straws have been determined chiefly on ruminants and 
they would be considerably lower in the case of non-ruminants. 

Thus, while oat straw has some small value for horses, wheat 
straw is of little or no value, as the energy expended in digesting 
it is greater than that which it supplies. It should, therefore, 
never be fed to horses. 

Wheat straw becomes softened in the paunch of ruminants, 
and is slowly and partially digested during its stay there ; hence 
they derive some benefit, chiefly from the carbohydrates. It 
may be fed to cattle over seven months old, either in the long 
condition or bhusa, in which form it is usually seen in India. 

The author has found negative digestiblity values for the 
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protein of wheat straw at Lyallpur in samples containing 3 per 
cent or less of protein, hence when used it should always be com- 
bined with some other food rich in protein. 

Lucerne straw 

This straw if well prepared is of greater value than the 
straw from the coarser legumes such as soybeans, and may be 
used to replace part of the hay used for fattening lambs, al- 
though this is not to be recommended if plenty of grass hay and 
pasture is available. 

Legume straw 

Legume straw is the material left after legumes are threshed 
for seed, and it is often fed to stock. It is less rich than the 
corresponding hay, and its nutrient value will depend largely 
on the amount of leaves it contains. It is always high in fibre, 
but is a richer feed than cereal and millet straws, and contains 
more protein, especially the upper leaves and culms, but it is 
somewhat more indigestible. 

Legume straw may safely be fed to dairy cattle and sheep, 
but gives much better results when combined with other 
roughages, or with a well matured silage. It is not as a rule 
satisfactory for horses as it contains too much dust. 

Legume straws generally contain more calcium and magne- 
sium than other straws. 

Soybean straw- (Glycine hispida) 

Soybean straw has a low feeding value as it consists mostly 
of coarse stems with but few leaves, and should therefore not be 
fed as a sole roughage, but combined with a good legume hay. 
It is not satisfactory for high yielding dairy cows, but may be 
given to dry cows and heifers. It may also be fed to sheep, but 
they thrive better on the whole crop rather than on a mixture 
of soybean straw plus the beans. [See list of references*] 

Bean straws* (Vicia faba) 

Bean straws are somewhat coarse, but they form a useful 
fodder when the crop has been cut early and not allowed to over- 
mature. The less fibrous parts such as die leaves and pods con- 
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tain more nutrients than most of the cereal straws. Bean 
straws should be chaffed and may then be fed to dairy cattle, 
sheep and horses in moderate amounts with other coarse fodders, 
but they should not exceed one third of the total roughage. 

fea straw^ (Pisum arvense) 

Pea straw is usually of higher nutritive value than that from 
other legumes, and can be used for dairy cattle and sheep as a 
part roughage. It varies greatly in quality according to the 
state of maturity when cut, and when obtained in good condi- 
tion from peas that have been picked green, can be used for 
almost any kind of stock except horses. 

Rice straw. (Oryza sativa) 

Rice straw is the staple fodder for cattle in southern and 
eastern India, the Kangra district of the Punjab, and in many 
other rice growing tracts. There is a number of varieties of 
rice, but the straw from all shows certain notable defects. Trials 
carried out by the writer [Lander and Dharmani 1931] at Lyall- 
pur on Sahiwal heifers showed that rice straw from Kangra was 
deficient in protein, containing only about 2.25 per cent. It 
was also low in calcixun, 0.40 per cent, and phosphoric acid 
0.25 per cent. With all the experimental animals the daily 
nitrogen balances and the digestibility coefficients of the protein 
were negative, thus showing diat if fed alone to Sahiwal cattle it 
was not a maintenance ration, although the small hill cattle in 
Kangra apparently exist on it, with very little concentrates. 
It should not be fed to cattle if any other more suitable roughage 
is available, but its deficiencies can be made good by supple- 
menting it with concentrates such as maize grain and toria cake, 
the latter being more economical from the point of view of pro- 
tein supply, and to some extent by a green fodder such as green 
oats when added in the ratio of 1 : 3 , or some leguminous fodder, 
fodder. 

Work in Bengal [1942] has also shown that rice straw is de- 
ficient in protein and minerals and is usually supplemented in 
that province by a small amount of concentrate such as linseed 
cake and a green fodder when available. 
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ROOT CROPS 

Roots and tubers belong more particularly to what are called 
the succulent feeding stuffs, which contain from 80 to 90 per 
cent water, but in spite of this high water content their nutri- 
tive value is considerable. 

Roots accumulate large reserves of food nutrients in that 
part where the root merges into the stem during the first year’s 
growth. 

All root crops are very watery and may contain as little as 
9 — 10 per cent dry matter, which is less than half the percent- 
age of dry matter in a good maize silage. This dry matter, how- 
ever, is very low in fibre and is highly digestible, and consists 
largely of carbohydrates, such as sugar in beets, carrots and 
mangolds, and starch in potatoes. The nitrogen or protein 
content is low and consists largely of non-protein nitrogenous 
bodies. Calcium and phosphorus are also low as a rule, vitamin 
D is practically absent, and, apart from carrots which are rich 
in carotene, there is very little vitamin A. Roots are, there- 
fore, the precise opposite from a nutritive point of view to legume 
fodders and hays which are highly efficient in all these respects. 
On account of the high digestibility of the dry matter and their 
high total digestible nutrients, roots can be substituted for a part 
of the grain usually fed to dairy cows or sheep, and may be 
considered as a sort of concentrate solution. 

It is an economic question of some importance as to how far 
roots could be fed instead of cereal concentrates, as it has been 
estimated that if the cost of production of 20 maunds of roots 
exceeds the cost at which one maund of cereal food can be pro- 
duced or purchased, then, from the economic point of view, 
it would not pay to feed roots. As in the case of the cereals 
the nutritive ratio is a wide one, and it should be an easy matter 
when computing rations (Chapter V) to decide how much car* 
bonaceous concentrate may replace roots and versa. Average 
maximum economic quantities which may be fed are about 
one maund to a hardworking bullock, about half this amount to 
a dairy cow, and about 12 — 15 pounds to an ordinary sheep. 
Some stock owners prefer to give no roots to cows in milk. Roots 
and tubers, however, may be considered as appetisers or bulk 
feeds and should not be feij in unduly large quantities, as a heavy 
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proportion of roots may depress the digestibility of the other 
parts of the ration. 

In addition to the nutrients they roots and other 

succulent feeding stuffs have a tonic effect on animals and are 
regarded favoumbly by stockmen. Horses in particular are 
fond of roots, but the amount fed should be limited to about 
10 pounds per day. All roots have a decided laxative effect, 
and are therefore useful at times when the rest of the ration is 
mainly dry matter. Roots am valuable for colts and may be 
given chopped or sliced, or mixed with chopped hay, or grain, 

Roots may replace a part of the concentrate given to pigs 
but the amount should not ordinarily exceed about 5 pounds 
a day. 

Roots are also greatly relished by poultry and may be given 
as a part substitute or in conjunction with green fodder. 

Root crops in general should be regarded as nutrient adjuncts 
and appetisers rather than the main part of rations. 

Turnips. (Brassica rapa) 

There are several types of turnip, including the white and 
yellow varieties, and also various hybrid crosses between the 
turnip and swede. The white variety usually contains only 
about 7 — 8 per cent dry matter, while the yellow has slightly 
more. Both types contain only i per cent protein and little or 
no fat. Both are excellent for sheep and cattle, the tops gen- 
erally being consumed with the roots. 

It is advisable to store both turnips and swedes before feed- 
ing, as a mild fermentation takes place and the sugar content 
then rises, particularly in swedes, whereas if eaten when freshly 
gathered they may cause scouring. 

Both turnips and swedes have a tendency to cause a disagree- 
able taste in milk if fed before milking, or if kept near the milk- 
ing shed. This may be reduced to a minimum by feeding 
them sometime after milking, and not just before. They should 
not be fed in too large quantities. 

Should a taint occur in the milk this can be completely 
removed by pasteurising. 

Swedes, (Brassica campestris) 

Swedes are in many ways very similar to turnips but have a 
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greater feeding value and contain more sugar. They are also con- 
siderably harder, have a greater percentage of dry matter (9 per 
cent), and keep better. The composition of swedes, however, 
varies considerably according to climate and soil, and they thrive 
test on a light loam with plenty of calcium, otherwise the disease 
known as ‘Finger and Toe’ is likely to occur. Climate is of 
greater importance than soil in influencing \ield, although an 
adequate amount of phosphorus, nitrogen and potash in the 
i>oil are essential. Swedes will not thrive if any of these, parti- 
cularly phosphorus, are deficient. 

Swedes are particularly relished by sheep and pigs, but pre- 
cautions similar to those for turnips should be t^en to avoid 
tainting the milk if they are fed to cows. The average yield 
for swedes and turnips should be about 260 — 300 maunds per 
acre, but may vary widely beyond these limits according to the 
soil and climate. 

Mangold zmrzels. (Beta vui-garis) 

Mangolds grow higher out of the ground than swedes or 
turnips, and may be grown on a wide range of soils but they do 
test on a moderately heavy deep loam. They respond well to 
potassium, nitrogenous and to a lesser extent phosphatic manures, 
and on suitable soil may yield up to 800 — 900 maunds per acre. 
The amount of dry matter they contain is small, being only 
about 10 per cent, but it is very digestible, and varies with the 
degree of ripeness. Mangolds should not be given to animals 
until they have been stored for sometime, as the freshly harvest- 
ed crops contain both nitrates and amides, which are likely to 
cause scouring, whereas if left till maturity these substances will 
become largely converted into proteins and help to increase the 
very small amount of protein previously present The quality of 
mangolds varies with the variety and is generally better in the 
^smaller varieties, which contain about i per cent of digestible 
protein and 7 per cent total digestible nutrients. Mangolds are 
specially suitable for dairy cows, as they do not taint the milk. 
They are also relished by sheep, but there is a danger that rams 
and wethers may be affected by urinary calculi if fed on man- 
golds for any length of time. They are very little used in 
India except on certain big farms. 
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BeeU (Beta vulgaris) 

Beet is not commonly used for feeding to cattle except in 
some parts of northern India and is similar in composition, to 
mangolds but has a higher |>ercentage of sugar, 15 — 20 per cent 
for &e extraction of which it is usually grown ; the crowns and 
pulp from the factories are then fed to stock. 

Beet may be fed to dairy cattle and sheep, but not to the 
males, as it is reputed to affect adversely their capacity for 
breeding. It is an excellent substitute for barley meal for pigs, 
3!^ pounds of beet being equivalent to i pound of meal. 

Beet tops 

The crowns which contain very little sugar, and the tops are 
usually lopped off, and cattle and sheep axe allowed to graze 
them in the field. They may, however, be matured in heaps and 
then fed as such or ensiled. 

The tops form a valuable substitute for roots in rations for 
cattle, about 25 pounds of tops being equal to about 40 pounds 
of mangolds. More than this should not be given, and a suffi- 
cient quantity of roughage such as hay should be fed as an anti- 
dote against the laxative effect of the tops. The silage is less 
laxative than the fresh tops, but not more than 30 pounds per 
day should be fed to cattle, or more than 3 pounds to sheep. 

Horses and pigs should not be given as much, either of the 
tops or the silage as is usually given to ruminants, as their 
stomachs do not provide the necessary fermentation processes 
required to destroy the somewhat high percentage of oxalic acid 
present. This may cause actual poisoning if beet tops are given 
in too large amounts. In any case the tops should be allowed 
to wilt for a time, and a small amount of powdered chalk spread 
over them will obviate any likelihood of oxalic acid poisoning. 

Sugar beet pulp 

The pulp from the beet after the sugar has been extracted 
may be used either in the wet or dry condition on farms near 
the factory. The wet pulp contains about 90 per cent, water, 
and the same amount of carbohydrates as turnips, but less than 
mangolds. About 60 pounds may be fed to bullocks and not 
more than ”30 pounds to cows per day.^ ~ 
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The bulk of the pulp pixxiuced at the factory is usually 
dried and sold as dried pulp. This contains only about 10 per 
cent water and can be used as a substitute for roots. One pound 
of the dried pulp is equal in nutritive value to about S pounds of 
mangolds or swedes or 1 0 pounds of turnips. The pulp may also 
replace part of the cereals in the ration; i pound being equal 
to I pound of oats. The dried pulp is most suitable for dairy 
cows and working bullocks and is also useful for horses and 
pigs. Kellner [1908] recommends 8 pounds for cows, 12 pounds 
for bullocks, 6 pounds for horses, and up to 4 pounds per day 
for fattening pigs. Beet and beet residues are all deficient in 
protein, calcium and phosphorus and these must be properly 
provided for in the rest of the ration. 

Potatoes* (vSoLANUM tuberosum) 

Potatoes do not as a rule form any considerable part of 
rations in India, but they may be used for this purpose when 
very small, or if a ready market cannot be found. Potatoes 
contain about 24 per cent dry matter, including 2 per cent pro- 
tein, most of which is in the layer immediately under the skin, 
and 20 per cent carbohydrates as starch. Potatoes are essen- 
tially a carbohydrate food comparable to mangolds and swedes, 
two pounds of the latter being equal to one pound of potatoes.. 
The nutritive ratio is i : 15 and therefore sufficient protein rich 
supplements should always be included in the ration when 
potatoes are used to any extent. About 450 pounds of potatoes 
are required to furnish as much total digestible nutrients as 100 
pounds of grain ; this furnishes a measure of their nutritive value, 
though, when cooked, they have a somewhat greater value than 
this for pigs. 

Raw potatoes are laxative and large amounts should not be 
fed to start with, but ultimately cattle may be given up to 40 
pounds per head per day and sheep 4 pounds per 100 pounds of 
live weight. Potatoes should be boiled for young or pregnant 
stock, and for pigs, although this entails extra expense. 

Raw potatoes should be fed more sparingly for horses than 
for cattle, and more than about 5 pounds a day should not be 
given. 

To get the best results from pigs, potatoes should not be fed 
in larger amounts than 4 pounds per pound of concentrate^ and 
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should always be boiled thomughly witli salt added to mcrease 
palatability. 

Potatoes contain no vitamin A or D. 

Unripe potatoes and the sprouts of stored potatoe-s contain 
small amounts of a poisonous substance — solanin — and these 
should be removed before feeding if the potatoes are badly 
sprouted. 

<!arrots- (Doucus cakota) 

Carrots contain about 88 per cent water, i per cent protein, 
traces of fat, 9 per cent carbohydrate and i per cent of ash and 
fibre respectively and are very rich in carotene. They are 
superior to turnips, swedes and mangolds for stock, and are 
especially relished by horses and milch cows, though some 
farmers advise against feeding carrots to brood mares for a few 
weeks before and after foaling. 

The fattening value of carrots is not a.'* great as is often 
thought, and is actually only half that of potatoes. Seven pounds 
of carrots are equal to i pound of oats in feeding value ; they are 
nevertheless more valuable than raw potatoes, chiefly on account 
of their taste, and carotene content. Hard worked horses should 
not be given lai^e quantities but it frequently happens that sick 
horses will eat carrots when they will eat nothing else. 

THE PROTEm RICH CONCEJ^TRATES 
Oilseed cakes mid meals 

Oilseed cakes and meals are the products left over from the 
various processes devised to extract oil from oil seeds. Formerly, 
these c^es were regarded more as by-products of the oil in- 
dustry, and used as manure, and only to a small extent for 
feeding purposes, but with the increased use and demand for them 
as feeding stuffs they have become as important a branch of the 
oil industry'' as the oil itself. Before modern extraction methods 
had attained their present degree of efficiency, practically all oil 
cakes on the market contained considerably more oil than is 
found in present day products, which are frequently very hard 
and dry owing to a high degree of extraction, as a result of 
which their value as feeding stuffs is somewhat diminished as 
far as die oil content is concerned. 
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There are three main methods of extraction: — 

(a) The hydraulic pressure method by which tlie seeds anr 
pres^ under high pressure betw^een cloths through which the 
oil runs into collecting channels. 

(b) The expeller process, which is continuous, and in which 
the seeds are fed into a revolving ‘screw^ of diminishing cir- 
cumference, the oil being collected and carried off in smalf 
channels, while the extracted cake is gradually moved on and 
expelled through a small opening at the narrow end of the 
screw. 

(c) The extraction process. 

In this method the seeds are crushed and placed loosely in a 
large container, and a solvent such as ether, benzene or petrol 
is allowed to percolate in a continuous stream, and by an auto- 
matic process, repeats the operation until all the oil extracted. 
The extracted material is then heated with superheated steam 
to remove any remaining traces of the solvent. The hydraulic 
method usually leaves about 8 per cent oil in the cake, whereas 
the extraction process may not leave more tlian i per cent, and 
has the disadvantage that some traces of the solvent are usually 
left uiuemoved and a very hard, dry cake is produced almost 
devoid of fat. One of the disadvantages of the expeller process 
is that, owing to the friction set up, the heat produced may 
tend to char the cahe giving it a burnt odour. The amount of 
oil left behind by this process is intermediate between the otlier 
two processes, being usually about 6 per cent. 

In the case of cottonseed and groundnuts there are two 
types of cake in the market, viz^, the decorticated and the un- 
decorticated. In the process of decortication the husks of the 
seeds are removed by a special process before the oil is extracted. 
The husks are fibrous, and hence the resultant product obtained 
is richer both in- digestible protein and total digestible nutrients 
than the undecorticated variety; it is also more digestible. 

The undecorticated cake naturally contains much more fibre, 
and is of lower nutritive value. 

Oilseed cakes and meals are all high protein concentrates, 
and are especially valuable for balancing rations which would 
otherwise be deficient in proteim They are nofe only rich im 
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protein but also in total digestible nutrients, and therefore a 
wise choice must be made in the amount to be added to rations 
which need only a protein addition. 

If a ration needs to be balanced by adding both extra pro- 
tein and also non-protein nutrients, an oilseed cake of moderate 
protein content should be selected. 

Oilseed cakes should never be allowed to get wet in transit 
or storage as deleterious effects are often produced by feeding 
mouldy or fermented cake. 

The farmer has a considerable range of cakes and meals to 
choose from, varying in degree of richness in protein. For con- 
venience in making a selection, therefore, these have been set 
out in an approximate order as regards their protein value, 
together with their analyses and digestible protein and total 
digestible nutrient content. (Table II). 

The data for those marked L have been obtained from diges- 
tibility trials conducted at Lyallpur. 

Ground nut cake, (Araghis hypogaea) 

The ground nut, or earth nut, is chiefly a product of south 
India, and grows below ground. The kernel is enclosed in an 
outer fibrous husk, and the cake may be made by the usual 
methods of extracting oil with the husk still remaining, when it 
h known as undecorticated cake, or with the husk partly or entire- 
ly removed, when it is known as semi-decorticated or decorticated. 
Ground nuts contains about 45 per cent oil and 27 per cent 
protein. The extraction process, however, leaves about 7 — 8 
per cent oil in the decorticated cake, and 48 per cent protein, 
The undecorticated cake naturally contains considerably more 
fibre than the decorticated, about 24 per cent compared with 6, 
and hence a lower digestible protein and total digestible nutrients 
per cent. The semi-decorticated cakes on the naarket vary con- 
siderably in composition according to the amount of husk left in, 
and some knowledge of their composition, in comparison with 
the decorticated cakes is desirable. 

The decorticated products compare very favourably with 
other concentrated cakes or meals, and are among the richest 
protein feeding stuffs and should be used only sparingly, and in 
all cases the full amounts needed should not be fed at once 
but led up to gradually. Ground nut cake is particularly suit- 
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OF SOME OILSEED CAKES AND MEALS 



175 






FEEDING OF FARM ANIMALS 


able as a rich protein concentrate for dairy cows, and up to 
three or four pounds per head per day may be given, deper^ing 
on the size of the animal, the milk produced and the composi- 
tion of the rest of the ration. 

The decorticated cake may be used mixed with calf meals,, 
milk substitutes and pig meals, and for fattening cattle, sheep 
and pigs, and up to half a pound per day may safely be fed to 
sheep. A certain amount of the carbonaceous concentrates fed 
to horses at hard work may be partly replaced by decorticated or 
undecorticated ground nut cake if no other protein rich food 
is given. The meal is very useful in poultry feeding. 

The decorticated cake is especially suitable for yohng stock 
when mixed with soft foods. Too large a quantity should not 
be given to pigs, or there will be a danger of the fat of the 
animals becoming too soft. A suitable proportion of ground 
nut cake when fed with maize for pigs is 7 parts of the former 
to 10 parts of the latter, but when gram is used the amount of 
cake should be very considerably reduced. 

Ground nut cake is especially liable to develop moulds if 
allowed to become damp, with the result that the protein will 
become decomposed, wuh bad effects on animals which eat it. 

Soybean cakes and meals 

Soybeans are not grown extensively in India, and the cake 
and meals are not used to anything like the extent they are in 
foreign countries. They differ in composition from ordinary 
peas and beans in that they contain nearly twice as much protein, 
more than ten times as much fat or oil, and contain but little 
carbohydrates, chiefly in the form of starch. 

Soybean cakes are consequently very rich in protein which 
may be as high as 45 per cent, and are highly digestible. The 
oil content will vary according to the method of extraction used. 
The cake contains less fibre than cottonseed or linseed cake, the 
amount usually being about 5 — 6 per cent. Taken as a whole 
the cake is extremely digestible if not given in too large 
quantities, and supplies over 80 pounds of total digestible nutri- 
ents per 100 pounds. This is somfcwhat more than linseed or 
cottonseed cakes contain. These cakes are not rich in vitamins 
A and D, and both calcium (average 0.3 per cent) and phos- 
jJiorus (average 0.7 per cent) are rather low, hence the question 
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of mineral balance and vitamin supply should not be overlooked. 
The whole beans are sometimes fed to stock but tire cake is 
preferable on account of the high oil content of the former. 

Soybean meal is an excellent protein supplement for all 
classes of stock if its highly concentrated nature is kept in mind. 
It is of equal value to linseed or cottonseed cake for dairy cows, 
and fattening cattle, but the amount given should not exceed 
from 2 — 4 pounds per head per day. Horses may be given 
small quantities, not exceeding from half to one pound per day 
when doing hard work, and the ration is otheivvise poor in 
protein. 

The cake when cooked is better for pigs and poultry than 
when raw, and hence a cake which has been partly cooked in 
the extraction process is of greater value, though for cattle, sheep 
and horses there is little or no difference in nutritive value be- 
iween the cooked and uncooked cake or meal. It can generally 
he seen at a glance, whetlier the cake has been cooked as the 
uncooked cake has a raw beany taste and is lighter in colour 
than a well cooked hydraulic process or expeller process cake. 
The latter is light brown in colour and has a dextrinous or 
nutty taste. 

Soybeans are inclined to be laxative, and may be used with 
undecorticated cottonseed cake for cattle, as the latter has an 
astringent property which helps to counteract the laxative pro- 
perties of the former. 

Soybean meals contain less oil tlian the cakes owing to a 
higher degree of extraction, and more protein. 

Linseed cake> (Linum usitatissimum) 

Linseed is the seed of the flax plant, and the cake is pro- 
duced by heating and pressing the seed in hydraulic presses in 
much the same way as for preparing other types of cake. Lin- 
seed meal is the finely ground cake, and both are sold primarily 
on the basis of their protein content. GJood quality cakes are 
brown in colour and contain about 3 per cent oil and 36 per 
cent protein. 

Although linseed cake is not used as extensively in India as 
it might be, it is very' digestible and has a slight laxative effect. 
These qualities make it especially valuable for young stock, 
which require an easily digestible ration of high protein con- 

M 
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tent. It is also one of the most valuable protein supplements 
for dairy cattle, horses, sheep and pigs, and there is no other 
feeding stuff that will so readily bring cattle into good condition. 
It is especially valuable when the ration otherwise has a tend- 
ency to be constipating. Cows may be given from 2 to 3 pounds 
a day, but if larger amounts are given the butter produced has a 
tendency to be soft and greasy. Linseed cake produces excellent 
results when fed as the only protein supplement to sheep and 
horses, and half to one pound a day may advantageously be fed 
to hard worked or sick horses, although for the latter the meal is 
to be preferred. Linseed meal should preferably be used in 
conjunction with another protein supplement of high biological 
value, such as fish meal, dairy by-products, or meat scraps, for 
swine and poultry. 

Linseed cake is often considered to have a higher value for 
fattening purposes than cottonseed cake when fed as the only 
protein supplement, but a combination of equal proportions of 
each will produce just as good results as linseed cake alone, and 
is as a rule less costly. 

There may be some confusion between what is generally 
called linseed meal and linseed cake meal. Linseed cake meal 
is the ground up linseed cake, while linseed meal is made 
by grinding the whole seed to a meal, and as it contains 
all the oil originally present in the seed, is naturally very differ- 
ent in composition from linseed cake meal proper. It may be 
used for c^ves and sick animals but should otherwise be used 
very sparingly owing to its very high oil content. 

The term ‘linseed meal’ is often used by American writers to 
designate the ground cake, while they refer to linseed meal con- 
taining all the oil as ‘oil meal’ or ‘oil cake.’ 

Palm kernel cake or meal 

Palm kernel cake is not used to any great extent in India 
except perhaps in the south. The cake is the product of the 
seed kernels of certain oil palms, obtained after removal by 
extraction of a part of the oil, from the ground kernels. The 
cake or meal varies very much in composition, particularly in 
its fibre and oil content. The better grade meals contain some- 
what more protein than wheat bran, and also more oil, if made 
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by the hydraulic process (8 per cent oil), and supply a higher 
percentage of total digestible nutrients than bran. 

The cakes and meals are rather unattractive, and animals 
take some time as a rule to get used to them, but, if used sparing- 
ly to begin with, they become accustomed to them and will eat 
them readily. It is as well to add some ta$ty material such as 
molasses or locust bean meal to the ration if palm kernel cake 
is u&ed, and to keep the latter to not more than one third of 
the total ration. These cakes should always be fed cold and 
not soaked in warm water. 

The cakes keep well if stored under dry conditions. 

Palm kernel cakes are suitable for dairy cows when fed 3 to 
4 pounds per day, and have a stimulating effect on the produc- 
tion of butter fat, and the butter produced is firm and of good 
quality. 

The cakes should be fed to horses in only small amounts 
occasionally, not exceeding 1 J pounds per head per day, as they 
have a tendency to cause excessive salivation. They are use- 
ful in small quantities in pig rations as they help to give the 
fat a firm and even consistency. 

Cocoamt cake. (Cocos nucifera) 

Cocoanut cake is produced from the dried kernel of the 
cocoanut, known as copra^ and is the residue left after extrac- 
tion of the oil by expression. The cake has about the same 
nutritive value as palm kernel cake, but varies very considerably 
in composition, and usually contains 8 per cent oil. A good 
cake has a slight brownish colour and a pleasant and character- 
istic smell. It is rather tasteless when dry, but absorbs a large 
quantity of Water and increases in bulk, and should be soaked 
before being fed to stock. 

Cocoanut cake is extremely susceptible to damp, and unless 
stored in a very dry place will turn rancid and cause diarrhoea, 
hence it should be in good condition when purchased. 

Cocoanut meal contains somewhat more protein than wheat 
bran. The protein is better than that of maize, but not so 
good biologically as the protein of soybeans or ground nuts. 

The cake or meal is easily digested and dairy cows may be 
given from 2 to 3 pounds per head per day, and it may con- 
stitute up to 50 per cent of the total concentrates in the ration 
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for fattening animals. It is considered by some people to in- 
crease the production of milk and the amount of fat contained 
in itj and like palm kernel cake, it helps to give the butter a 
firm consistency. The meal may be given to pigs as a substitute 
for wheat middlings or linseed meal, and it helps to produce a 
firm clear-textured fat. 

Sesame o> gingellj cake. (Sesamum indigum) 

Sesame cake contains about 40 per cent high grade protein^ 
nearly as much as is contained in cotton seed cake, and is pro- 
duced from the seeds of the sesame plant sometimes known as 
til (N. O. Pedalineae), which is grown extensively in India. 
It is rich in calcium and phosphorus and forms a satisfactory 
feed for dairy cows, and is said to exert a stimulating influence 
on the flow of milk, but not more than 2 to 3 pounds per head 
per day should be fed or there may be a tendency for the butter 
to be soft. It is excellent for fattening cattle and sheep, and 
also for pigs in small quantities only, as it is inclined to produce 
a soft body fat. 

Rape seed cakes. (Brassica campestris, var. Sarson and 
Brassica napus, var. dichotoma) 

Confusion sometimes exists as to the difference between the 
terms sarson, toria, rape and mustard. Botanically, toria is 
classified as a rape, but in popular parlance all are referred to 
as rapes, and there is no specific rape which is botanically or 
otherwise independent of the others. All belong to the Natural 
Order Gruciferae, which includes also cabbages and turnips. 

Sarson^ the Indian Colza {Brassica campestris var. Sarson) 
and toria^ sometimes called the Indian rape, are commonly 
known as rapes and are grown extensively as cold weather 
crops. The seeds of both sarson and toria are very similar in 
appearance and are crushed chiefly for their oil (the Colza oil 
of Europe) which is used for lighting and cooking purposes. 

Sarson and toria cakes are fed to cattle, although toria cake 
has a slightly bitter taste. 

Mustard or rai {Brassica juncea) is sometimes confused 
with the Indian rape {Brassica napus var. dichotoma) but it is 
a distinct and separate species. The seed is used as a condiment 
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and in medicine, but the oil is very pungent and is comparatively 
Iktle used as food. The cake emits a pungent smell on being 
moistened with water and is not as a rule given to stock as it 
is unpalatable to them. 

Cotton s&ed cake 

There are two chief kinds of cotton produced in India — the 
desi, and the American varieties represented by 285F, 289F, 4F 
and others. 

In the extraction of oil from tlie seed, various processes are 
employed. If the whole seed is crushed under great pressure 
without any preliminary heating, the cake produced is known as 
‘cold pressed’ cake. If, on the other hand, the whole seed with 
some remaining lint attached in the case of the American 
varieties, is heated before crushing, the residual cake is known 
as undecorticated cake. 

When, prior to crushing and heating the adhering lint and 
hard seed coat is first removed, decorticated cotton seed cake is 
produced. This is rich in protein and contains considerably less 
fibre than the undecorticated varieties. 

There are thus important differences between the two types, 
and the protein content while averaging 22.74 per cent in the 
undecorticated cake may be as high as 40 to 44 per cent in the 
decorticated varieties, the corresponding fibre contents being 23 
per cent and 9 per cent respectively. Hence undecorticated 
cake should not be fed as a rule to young stock on account of 
its high fibre content, and the high protein content of the de- 
corticated variety must govern the amount fed to other classes 
of stock. 

Both types are extensively used abroad but they have only 
been employed to any extent in India comparatively recently. 
There is a widespread prejudice against the use of certain 
American cottonseeds and cakes such as 285F and 289F on 
account of the adhering lint or ‘fuzziness’, which is supposed to 
be bad for cattle. Until recent years the only variety usually 
fed was the desi. Work carried out at Lyallpur, however, has 
shown that there is no foundation for this prejudice and that 
from 3 to 6 pounds of cottonseed cake made from fuzzy varieties 
may safely be fed per day as part of the concentrate ration 
to 800 lb., milch cow« giving an average of 20 pounds of milk 
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per day for long periods without any deleterious effects on the 
health of tiie cows or on the milk yield, provided sufficient higii 
quality hay or green fodder is given to guard against vitanun A 
deficiency. 

The protein of cottonseed cake is well suited for supple- 
menting the cereal grains for sheep and horses, though other 
cakes are probably more suitable for horses. Better results are 
obtained for swine and poultry if cottonseed cake is used as a 
part of the protein supplement only, the rest being made up of 
milk products, fish meal or tankage. 

Cottonseed cake is very rich in phosphorus, the higher grade 
cakes containing an average of 1.2 per cent. It is only moderate- 
ly rich in calcium— 0.2 per cent and is deficient in vitamins A 
and D. 

Cottonseed cakes tend to produce a hard body fat and a 
butter of firm consistency, hence they are useful complements 
to concentrates such as soybeans and ground nut cake which 
have opposite tendencies. Cottonseed, however, contains an 
alkaloid, gossypol, which is poisonous to certain types of animal 
if consumed in large amounts. Cattle do not appear to be 
affected by it, while swine may suffer serious harm. The cakes 
should not be given to calves till they are about 6 montlis old. 
Horses and sheep are also affected to some extent. Swine should 
not receive more than 9 per cent cottonseed cake in their rations, 
while horses and mules may be given from one to two pounds 
daily, with good quality roughages. Sheep should only be 
allowed small amounts sufficient to balance the ration, and tlie 
use of cottonseed cake should not be long continued. 


rHE OILSEEDS 

Apart from cottonseed, the oilseeds have not been used to 
any great extent as such in India as feeding stuffs. 

Desi and American Cotton Seeds 

Desi cotton seed is a naked seed and has always been popular 
with the average zamindar, but with the development of Ameri- 
can varieties and oilseed presses for producing cake it is not as 
plentiful as formerly. 
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The writer [Lander and Dharmanij 1929] has recorded, in 
presenting the results of feeding trials conducted at Lyallpur 
with d^si and American varieties fed at a rate of 3 pounds per 
head per day to heifers of 800 Ib. weight, the fact that, wMe 
the American seeds 4F, 289F and 285F are richer in fat and 
protein than desi cotton seeds, yet the digestibility of the various 
seeds do not present sufficiently marked differences to warrant 
any definite distinction being made in their nutritive values. 
The digestible protein and total digestible nutrients per 100 
pounds of seed, and also the albuminoid ratio however reveal 
the superior value of 285F, and to a lesser degree that of 289F 
and ^ over the desi seeds. Hitherto American seeds have 
been sold, and are still sold at a cheaper rate than the dest for 
feeding purposes. It would pay therefore to use them rather 
than desi seeds because l^ides being cheaper they are also 
more nutritious. 

The results of the trials mentioned above are summarised in 
the following table: — 


TABLE III 


FEEDING VALUE OF THE COTTON SEEDS PER 100 LB. 

Per joo Ih. of the seed. 

Name of the seed 


285F 

289F 

L, 



Totae 



SEED 

DIGESTIBEE 

Digestible 

Albumins 


\UTRIEXTS 

PROTEIN. 

RATIO 


Ib. 

Ib. 

i: 

. . 

97.44 

12.23 

6.0 

. . 

85.31 

11.50 

5.6 

- . 

78.56 

10,67 

5.5 


86.96 

8.00 

8.6 


Ckjtton seed may also replace part of the concentrate ration 
for working bullocks, and trials at present in progress (1943) 
at Lyallpur ^ow that 3 pounds per day may be fed to 1,000- 
1,200 pound bullocks working 8 hours a day, with i pound of 
bran and 10-15 pounds of bhusa. 

Cotton seed may also be fed to sheep in moderate amounts, 
and Jones [1933] has recorded that Iambs made satisfactory gains 
on a ration of 0.8 pound grain, 0.4 pound of whole cotton seed 
and 1.4 pounds of lucerne hay. 
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Linseed 

Whole linseed is not usually fed to farm stock and they do 
not much relish it. It is^ however, given boiled to horses, and 
may be used in place of linseed cake, or given crushed, boiled 
or steamed to sick animals and to calves with skim milk, as a 
part substitute for the removed butter fat. The seed only contains 
about two thirds as much protein as linseed meal, but is one of 
the richest feeds in total digestible nutrients. For fattening 
cattle, camels and pigs, linseed has been found equal or superior 
to linseed meal, but too much must not be fed to pigs or soft 
pork will be produced. 

In trials at Lyallpur it has been found that 800 lb. heifers 
would not take more than 2-2 1 pounds per day, and that they 
consumed less of the basal oat hay ration with linseed than with 
other concentrates. The appetite was adversely affected due to 
the mucilaginous character of the seed 

Soybeans 

Soybeans provide proteins of better quality than most other 
seeds or their by-products, and are excelled in the quality of 
their proteins only by feeding stuffs of animal origin. Besides 
being rich in protein, they contain over 17 per cent fat, and 
are low in fibre, and hence furnish more total digestible nutrients 
(78 per cent) than the grains and other common concentrates 
They are also rich in both calcium, 0.53 per cent and phosphorus 
1.64 per cent. They are lacking in vitamins A and D. 

Trials at Lyallpur showed that dairy cattle relished soy- 
beans which caused no digestive disturbances. 

Soybeans are as satisfactory a protein supplement as cotton 
seed meal for dairy cattle, sheep and horses, but if fed to pigs 
for any length of time thev cause the lard to become unduly soft 
and damage the quality of the pork. It is best to cook the 
beans before feeding to pigs. They should be ground for dairy 
cattle, the grinding being done with the beans mixed with the 
grain, and they should not be prepared too long before feeding 
in damp or warm weather as they are liable to become rancid. 
Sunflower seed, ( (Hjelianthus annus) 

The seed of the sunflower is sometimes fed to animals and 
is highly nutritious and digestible. An average sample of seed 
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contains 18 per cent total, and over 17 per cent digestible pro- 
tein, and shows a narrow nutritive ratio of about i : 4. It is thus 
a highly concentrated protein feeding stuff of high digestibility 
and particularly suitable for young growing stock, and in 
moderate quantities for milch cows. 

THE CARBONACEOUS CONCENTRATES 
Grains and Seeds 

(a) Leguminous giains 
Gram. (Cicer arietinum) 

Gram is the ripe seed of a leguminous plant, sometimes known 
as the chick pea, which thrives in light sandy soil and is one 
of the most universally used concentrates in India for almost 
all classes of stock. Strictly speaking, it should be classed as a 
nitrogenous food rather than a carbonaceous one, as it contains 
nearly 20 per cent protein and consequently should always be 
emploved in rations with due regard to this fact. It contains 
0.7 per cent calcium and 0.6 per cent phosphorus, and, though 
only moderately rich in these minerals, tliey are well balanced. 

Gram used in the Ly all pur trials w^as found to contain 14 
pounds digestible protein and 77 pounds total digestible nutrients 
per 100 pounds. 

In India, gram is usually fed to horses up to 3-4 pounds 
per day, and other equine stock in somewhat smaller quantities. 
Mules should get about pounds per day, and bullocks and 
buffaloes 3-4 pounds per day. From 2.5 to 3 pounds of gram 
can be incorporated in the rations of 800 lb milch cows giving 
20 pounds of milk a day, to make up the total digestible protein 
needed. 

Arhar. (Cajanus indicus) 

Guaia. (Gyamopsis psoraloides) 

Arha') and guar a (Plate XXI) or clusterbean are leguminous 
plants whose seeds somewffat resemble horse beans and are 
largely used in India as a cheap substitute for gram; they can 
be fed to practically all kinds of stock, except horses. Guara 
contains nearly 40 per cent protein, nearly double that con- 
tained in aihai , and it is more digestible than the protein of 
arhar, but the grain as a whole is not. 
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Arkar contains 13 per cent digestible protein, and 68 per 
cent total digestible nutrients, and compares very favourably 
with gram, except that the latter contains slightly more total 
digestible nutrients. 

Guara is not as palatable as arhar, and is consequently fed in 
smaller amounts, usually not exceeding 1-2 pounds per day. It 
is far richer in protein than either gram or arhar^ and this fact 
must be taken into account in using it as a substitute for the 
latter. 

Guara is rich in phosphorus and is almost as good as bran 
in this respect, as it contains over 1.3 per cent against bran witii 
1.9 per cent. Its calcium content, however, though higher than 
that of the cereal grains is low, 0.4 per cent. Hence it is not 
well balanced as regards calcium and phosphorus. 

If due regard is paid to these differences both arhar and 
guara can be used as cheap substitutes for gram. 

Matri. (Pisum sativum) 

Matrix the common Indian field pea, is a legume, and like 
most legumes, is rich in protein. In the L^^IIpur trials the 
matri used contained 23 per cent total protein and 18 per cent 
digestible protein. The total digestible nutrients, however, are 
lower in matri than in gram, on account of the higher carbo- 
hydrate content of the latter, — 62 per cent as compared with 
67 per cent. Mairi can be fed to all kinds of farm stock in- 
cluding horses and may be used in slightly larger quantities as 
a substitute for gram. 

Rowan (Dolichos lablab) and Moth (Piiaseolus 

CONITIFOLIEs) 

Both raivan and moth are common kharif beans and are 
allied to Morrison’s adzuki beans. Their protein contents are 
practically the same, viz,, 24 per cent and 23 per cent respec- 
tively, of which 18 per cent and 17 per cent respectively are 
digestible. The total digestible nutrients in moth are slightly 
greater than in rawan, owing to the higher carbohydrate con- 
tent of the former. These beans are in consequence somewhat 
richer than gram and arhar, and with others of the same type, 
may be fed to cattle. They may also be given to horses in 
amounts depending on the amount of work being done. Up to 
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3 pounds per day may be given to horses in the absence of any* 
other protein rich concentrate such as cakes or peas. 

The seed coat of the beans is tough and fibrous, and it is 
best to feed them coarsely crushed, or in the forai of meais,^ 
when they may be included in pig meals for fattening and in 
milk substitutes for calves. 

Bean meals are susceptible to damp and soon decompose* 
They should therefore always be kept in a dry place and in the 
minimum amounts needed. The chuni of peas and beans,, 
especially arhar and moth, are also useful foods. 

(b) Cereal grains 
Oats- (Avena satia) 

When oats are threshed the seed or grain comes away en- 
circled within the inner and outer paleae called the husk, and 
the glumes or chaff are left with the straw. The composition of 
oats will vary somewhat according to the amount of the husk 
that is present, some large varieties having as much husk as 30 
per cent, while smaller or thin varieties may have as little as 20 
per cent. 

Oats form a better balanced concentrate than any other 
cereal, particularly for horses, though the Indian oat contains 
somewhat less protein than foreign grown oats. Samples used 
in the digestion trials at Lyallpur contained slightly over 8 per 
cent protein with a total digestible protein content of 4.5 pounds 
per 100 pounds of oats, and 67 pounds total digestible nutrients,, 
and a nutritive ratio of i : 14. Many Engli^ and American 
oats contain considerably more protein and have a nutritive ratio 
of 1:8. Such variations may make a considerable difference 
to the stockowner if he is compiling his rations with Indian 
grown oats from data which refer to foreign samples whose com- 
position may not be quite the same. This naturally applies to 
other feeding stuffs also. 

Oats contain about twice as much fat as maize, averaging 
over 6 per cent, but due to the presence of the husk they have a 
considerable percentage of fibre, and hence yield some^at less 
total digestible nutrients than wheat or maize (total digestible 
nutrients = 70) . 

Oats, although their proteins are of high quality and con- 
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’.tain moderate amounts of certain of the essential amino acids, 
nevertheless share some of the nutritional deficiencies of the 
other cereals. They are rich in calcium compared with most 
other cereals, containing 0.3 per cent, while phosphorus is the 
’highest for all cereals — 0.8 per cent. They are lacking in 
vitamin D and contain little or no vitamin A. 

Oats may be fed to all classes of stock, and are- one of the 
safest feeding stuffs for horses, as, owing to the husk, the endo- 
sperm is prevented from caking in the stomach, which sometimes 
happens with other grains when fed without sufficient roughage. 
'Oats should be stored for some time before use, because if they 
.are fed while still new they are liable to cause indigestion and 
colic. Oats are not essential for horses, for though their special 
value is due to their well balanced composition, yet a mixture of 
•other grains and concentrates will serve equally well if properly 
balanced. Young colts may be given up to 3 pounds per day, 
this being increased to 5 pounds when two years old, and progres- 
sively up to 10 pounds when four years old, though horses which 
are being hard worked may be given considerably more. 

They are also one of the best feeds for dairy cattle, but are 
often more expensive than other grains which will supply equally 
well the necessary digestible nutrients. • 

Oats are also useful for fattening sheep and cattle in the 
•early stages, and as part of the concentrate ration for ewes, 
young lambs, brood* sows and young pigs, but are too bulky to 
form any considerable part of the ration for fattening pigs. 

It is largely owing to their comparatively high content of 
calcium and phosphorus that they are so valuable for young 
•growing stock. Oats should be ground or run through a hulling 
machine before being fed to swine or cattle as this removes some 
of the husk. There is considerable difference of opinion as to 
whether it is advisable to crush or bruise oats for horses, but 
It is generally accepted that bruised grain is less likely to be 
swallowed unmasticated than whole grain. Crushed oats are 
very suitable for calves from three to four weeks old, and may 
be fed with separated, skim or butter-milk. There are certain 
disadvantages in using bruised oats, as the process considerably 
increases the bulk and they tend to absorb moisture and become 
musty if kept for any length of time. The stockman should 
therefore bmise his oats himself as and when required. They 
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need only be lightly crushed for horses, though when fed as meal 
for young stock and pigs they should be ground more finely. 

Germinated oats 

If oats are damped and allowed to sprout they have been* 
found to have very beneficial effects on. horses, most likely due* 
to the development of vitamin C, to partial hydrolysis of the 
proteins to peptones and amino acid’s, and of the starch to 
dextrin and sugar. Germinated oats are also valuable for 
poultry where there may be difficulty otherwise* in. getting suffi- 
cient vitamin G in the rations. Sprouted oats have also been 
considered useful in cases of sterility in dairy cows and heifers, 
although evidence on this point is inconclusive. 

Wheat- (Triticum sativum) 

Wheat differs from barley and ©ats in that the seed comes 
away naked on threshing, and consequently has a much lower 
fibre content. It resembles the other cereals however in general 
nutritive characteristics, but is seldom fed to farm stock, except 
poultry, although unsaleable grain may be ground, and mixed 
witli other concentrates for cattle and pigs,, or it may be fed 
when prices are low. Wheat contains slightly more protein 
than oats or barley, but the amount is markedly affected by 
climate. It should not be fed in large quantities, or, as a rule, 
more than would constitute above 25 per cent of' the total con- 
centrates or it may cause digestive troubles. 

Wheat has a fairly wide nutritive ration and needs to be* 
balanced by protein rich foods, such as bran or cakes. 

It is advisable to crush wheat before feeding to all classes of' 
animals, except sheep and pigs, as the grain is hard’ and small, 
but it should not be too fine as it is then less palatable and 
forms a sticky mass in the animal’s mouth. 

Ground wheat is equal in nutritive value to ground maize 
when forming about one third of the concentrate mixture for 
dairy cows, but for pigs it is somewhat superior to maize as re- 
gards rate of growth and economy of gain produced, although 
for fattening cattle maize is perhaps superior. If wheat is used 
instead of maize it should be remembered that it contains more- 
protein, and hence less protein rich concentrate will be needed' 
to balance a ration with wheat than with maizr. 
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Wheat by-prodxicts 

During milling, wheat is cleansed of immature grains and 
other seeds which constitute the screenings, samples of which 
have been found in Lyallpur digestibility trials to have a protein, 
digestible protein, and total digestible nutrient content very 
similar to bran. The calcium content however was 15 times 
that of bran, being over 3 per cent, and the phosphorus i per 
cent, or half that of bran. 

In the process of milling, the outer bran cover and the under- 
lying layer which contains much of the protein and vitamins, 
and the endosperm which contains the valuable vitamin E, are 
tom off and constitute the bran. 

The bran may be separated into various parts which are 
sometimes confused, and may be defined according to the size 
of the particles concerned. 

Broad bran 

Broad bran consists of the coarsest part of the wheat grain 
removed in the milling process, and contains much fibre and is 
comparatively poor in food nutrients. 

Medium bran 

The particles of medium bran are finer than those of the 
coarse variety, although they have much the same composition, 
and may contain more of the endosperm layer and flour. 

Bran 

Bran is one of the commonest ingredients of rations for horses 
and dairy cows. It is bulky and palatable and has a laxative 
effect when fed as a mash although it has the opposite effect 
when fed dry. It is, however, not indispensable for dairy stock 
and may be replaced by other suitable feeding stuffs such as rice 
kura. Owing to its high fibre content and light flaky nature 
it is best when fed with more concentrated food so as to ensure 
thorough mastication. In the Lyallpur trials the bran used con- 
tained 1 1.5 per cent protein, although much higher figures 
are commonly found, flie amount of digestible protein was 7 
pounds per 100 pounds and the total digestible nutrients 71 
pounds. The proteins of bran are superior in quality to those 
of wheat flour but are not as well balanced in their amino acid 
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content ns aie tlie proteins of animal products such as milk or 
fish meal. The phosphorus content of bran is higher than that 
of any of the cereals ; it was 2 per cent in the bran used in the 
Lyallpur trials but the calcium was only 0.23 per cent. Much 
lower figures for calcium arc frequently found. Bran is tiius 
ill balanced as regards calcium and phosphorus, an important 
matter with high yielding dairy cows which may have a tendency 
to draw on their own skeletal stores of calcium if the balance 
needed is not made up in the rest of the ration^ and a condition 
known as osteoporosis may result. Bran contains a high percent- 
age of magnesium, and the combined effects of this and the 
phosphorus are sometimes considered to be responsible for the 
deposition of magnesium phosphate compounds as intestinal cal- 
culi in horses. Bran is particularly useful for horses as a laxa- 
tive, and mixed with heavy concentrates which might other- 
wise cause digestive ‘troubles. Not more than from 2 to 3 
pounds a day should usually be given to horses and cattle. The 
best way to feed it to sick horses is in the fonn of a mash made 
by adding a small quantity of salt to 2 to 3 pounds of bran in 
a bucket and then pouring boiling water over it and stirring into 
a consistency of thick porridge. 

Bran may also be fed to sheep, pigs and poultry, although 
the finer wheat offals are better for pigs of all ages as bran 
is too bulky. It may also be used for fattening lambs in the 
earlier stages, but should be replaced by other concentrates as 
fattening proceeds. Although bran is extensively used for feed- 
ing young stock of all kinds, its deficiency in calcium must be 
corrected by the inclusion of calcium rich foods or by the addi- 
tion of finely ground steamed bone-meal, otherwise rickets are 
likely to result 

Pollards 

Pollards are very similar in composition and nature to 
medium bran. 

The finer by-products in the milling of wheat are known as 
shorts, middlings, third parings and topping, and contain less 
fibre and more nutrient ingredients than the bran, the percentage 
of protein increasing with the degree of fineness. 

Wheat germ^ which is largely removed in the bran, is rich in 
oil, and one of the best sources of the anti-sterility vitamin E. 
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In the miiling of wheat by modem machinery much of the 
most nutritive parts of the wheat grain is removed and fed to 
animals, while the less nutritive part, deprived of valuable 
proteins, minerals and vitamins is converted into flour for con- 
sumption by human beings ! 

Wheat mamni 

Wheat mamni consists mostly of wheat screenings, t.e.^ small 
wheat grains mixed with weed seeds removed in the cleaning of 
wheat, and is frequently infested with earcockle. It is of 
variable character and composition, but being cheap is used a 
good deal by gowalas in towns. It should not be fed to any 
considerable extent, nor for long periods. 

Barley 

Barley contains more digestible carbohydrates than oats, and, 
according to some foreign analyses, less digestible protein. 

The Lyallpur trials indicate that hard Indian barley, although 
slightly richer in total protein than oats, has a considerably 
greater proportion of digestible protein per lOO pounds, viz.^ 
6.7 against 4.4 for oats, and a nutritive ratio of i : g.y com- 
pared with I : 1 4. 1 for oats. 

The composition of barley therefore depends on the type 
used, especially with the best malting barleys which contain 
more starch, and the hard barleys which contain a higher per- 
centage of protein and are better balanced for stock feeding. If 
the better types of barley are properly balanced with protein rich 
feeding stuffs they may be preferred to oats for pig meals, or may 
be given as an alternative to oats for horses, a given weight of 
barley replacing somewhat more than an equal weight of oats. 
If given in excess to horses, barley is liable to cause colic. How- 
ever, provided account is taken of the type of barley used, it 
may be used in moderation for almost all classes of stock. Ground 
barley is of approximately equal value to ground maize for 
dairy cattle. Barley may be used for pigs, fattening cattle and 
sheep, but it should be crushed or ground, except for sheep, in 
order to help in its mastication. 

Barley meal 

Barley meal or ardawa is made by grinding the whole grain, 
but it is very variable in quality, as it is frequently made from in- 
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ferior or damaged grain and does not keep well. Good quality 
barley meals are unrivalled for fattening pigs, promoting growth 
and producing firm well conditioned carcasses. 

Paddy and rich kura or rice chura 

Rice in the husk is generally known as paddy and is not as a 
rule fed to animals. The only areas in which small quantities 
of paddy are given to stock are parts of Madras, Sind and 
Assam- In the first and last named tracts paddy is given to 
elephants, while in Sind it is sometimes fed to riding horses. It 
has been estimated that not more than 2,000 tons in all are 
utilised for stock feeding. 

Rice kura or chura (beaten rice) is one of the manufactured 
products of paddy obtained in the conversion of paddy into 
rice, and consists largely of the husk and a certain amount of 
the original grain. It is used as a cattle food in south and 
eastern India, and contains a higher percentage of protein than 
the original paddy, and also a very high percentage of fibre. 

Maize grain 

There are two chief types of maize grain, the dent or flat 
variety and the round or hard one. There is little or no differ- 
ence in the composition of the two, but in the dent variety the 
starchy endosperm extends continuously from the base of the 
grain to the lip with layers of horny endosperm on both sides. 
Hence, when the grain dries, the starchy layer contracts and 
draws in the base, which therefore becomes indented. 

The hard round variety contains far less starchy endosperm 
which does not connect with the homy base layer, and there- 
fore does not become indented on drying. 

The homy starch endosperm contains various yellowish or 
orange pigments which give yellow maize its characteristic 
colour. The chief pigment is carotene, the precursor of vitamin 
A. Yellow maize and meal are therefore of far higher nutritive 
value on this account than the white varieties which contain 
little or no carotene. Some stockmen prefer white maize meal 
on account of its more attractive appearance but it is lacking in 
the valuable growth promoting vitamin. 

White maize is equal to the yellow in nutritive value if stock 
have access to green pasture or forage, or are fed a reasonable 

N 
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amount of well cured hay. If fed to pigs or poultiy that are 
not so provided, the feeding of white maize instead of yellow 
may be disastrous. Maize with hulls of colours other than yellow 
may, or may not be rich in carotene, as this depends on whether 
the endosperm is yellow or not. 

Maize is particularly rich in starch, and contains more than 
other cereals. That used in the Lyallpur trials contained over 
77 per cent starch and 3 per cent fat. It is low in fibre and 
contains about 9.7 per cent protein, about tlie same as oats. An 
average sample of maize contains 70 per cent total digestible 
nutrients and 5.5 per cent digestible protein. 

The chief protein of maize is zein, which is deficient in cer- 
tain of the essential amino acids, vizr. — t>Tosin and tryptophane, 
without which animal tissues cannot be built up. This deficiency 
can, however, be overcome by giving other feeding stuffs, such 
as leguminous fodders or hay, whose proteins contain these 
amino acids. 

Maize contains very little calcium, from 0.04 to 0.09 per cent 
which means that one ton of maize contains less than 1.12 
pounds of calcium. The maize used in the Lyallpur trials con- 
tained 0,06 per cent calcium, though there are many foreign 
samples which contain as little as 0.0 1 per cent, the figure 
given bv Morrison. The phosphorus content, however, is very 
similar to that of oats. Maize is very extensively used for dairy 
cattle and other stock, and if due account is taken of its deficien- 
cies, may partly or wholly replace oats for horses, provided the”* 
substitution takes place gradually, starting with not more than 
2 pounds per day, and gradually leading up to the maximum. 
Maize and oats are not necessarily interchangeable pound for 
pound, as their respective total digestible nutrient contents are 
70 and 66, and the digestible protein content 5.37 for maize and 
4.4 for oats. These figures were determined from the Lyallpur 
experimental trials on heifers, but corresponding digestibility 
data for horses are not available. Maize should always be 
cracked before feeding to horses, as it is then easier to masticate. 
The dent varieties are to be preferred to the hard. Some horse 
owners prefer not to feed any maize to horses on the plea that 
it is heating and causes skin troubles, and a generally flabby 
and weak condition of the muscles. If given in judicious com- 
bmation with other foods, however, no harmful results should 
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accrae* It may also be used for pigs and sheep which relish it 
highly, probably on account of its palatability. Here again, 
however, the mineral and protein deficiencies of the maize must 
be properly balanced by other feeding stuffs for young or 
pregnant animals. 

It is best not to grind maize too finely as this detracts from its 
palatability. Ground maize does not keep as well as ear or 
shell maize, and more than necessary should not be ground at 
one time. Some farmers prefer to grind the whole maize ear, 

both the grain and cob, if they need a high fibre content 
which will prevent masses forming in the intestines when dry 
roughage is not available. This product is sometimes called 
ground maize and should not be confused with maize meal 
which is the ground grain without the cobs. 

Maize meal 

In the process of grinding the grain, the germ, which con- 
tains most of the oil, is crushed and the resulting meal tends to 
absorb moisture and is likely to become rancid on storing. In 
more refined methods of grinding the germ is removed with part 
of the starch, and is then crushed for extracting the oil known 
as maize germ oil. The dry meal thus produced, although 
poorer in fat or oil, will keep much better than the whole meal. 
As in the case of other meals, maize meal should be stored 
under dry conditions, and if kept in bags, these should be placed 
so as not to form too large a mass, and air spaces should be left 
at intervals to prevent undue heating, which may occur as a 
result of fermentation. Maize meal shares with maize the defi- 
ciencies previously pointed out. 

BREWERY AND DISTILLERY BY-PRODUCTS 

There am various by-products from breweries and distilleries 
which may be used in dairies and stock farms nearby. The 
chief of these are malt sprouts, brewers’ dry grains and wet 
grains. 

Malt sprouts 

When barley is malted, about three pounds of malt sprouts 
are produced per loo pounds of barley. These are generally 
mixed in the proportion of i : lo with brewers’ dried grains. 
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Tliey are similar in composition to brewers’ dried grains, and 
contain about the same amount of crude protein, mudi of which 
is not true protein, but less fat and somewhat more total diges* 
tible nutrients. They are bulky and absorb w’^ater readily and 
may therefore be mixed with dry molassed feeds, but ordinarily 
should not be transported as they readily become mouldy. On 
this account they must always be kept dry. 

They are somewhat unpalatable and should not be fed in 
greater amounts than about 10 per cent in the concentrate part 
of the ration for dairy cows and other stock, as they are likely 
to taint the milk and cause colic due to their propensity to swell. 
Not more than 4 pounds should be fed to horses, 2 ix>unds to 
cattle and i pound to sheep. This material should always be 
combined in proper proportions with some other feeding stuff 
so as to obviate any harmful effects. 

Wet brewer ^ grains 

Wet brewers’ grains constitute a bulky mashy material con- 
taining over 70 per cent water. They consist of all the husks of 
the barley, much of which is digestible, most of the proteins, and 
but little starch, most of which has been removed during the 
fermentation process. The composition of the wet grains varies 
very considerably, but 80 pounds may be taken as approximately 
equal to 20 pounds of dried grains. They are very palat- 
able but rapidly decompose u^ess carefully stored. On this 
account they are usually fed near the brewery. They should be 
taken to the farm in as fresh a condition as possible, and if they 
must be stored, should be kept in air tight barrels or tanks, and 
inspected before being used to see that no decomposition has 
taken place. Wet brewers’ grains are chiefly useful for dairy 
cows and may be given at rate of 20-30 pounds per head 
daily. They may replace an equal weight of silage, or a part 
of the concentrates, and should be fed after milking to avoid any 
possibility of tainting the milk. 

They may also be used for certain other classes of stock, 
such as fattening cattle and swine, but are as a rule too watery 
for horses and pigs. If fed to latter they should not be 
given in excess of 15-20 pounds per head per day for horses, 
or over 2 pounds per 100 pounds live weight for pigs, and should 
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be properly supplemented by other suitable feeding stuffs, other- 
wise scouring and digestive disturbances may result. 

Dried brewers' grains 

The wet brewers^ grains when produced are watery in charac- 
ter and difficult to transport, and are usually dried and sold 
as dried grains. These may contain up to 20 per cent protein 
or more, 5 per cent fat, 14 per cent fibre and 40 per cent nitro- 
gen free extract consisting largely of pentosans. They contain 
only about 60 per cent total digestible nutrients in comparison 
with 70 for wheat bran, and about 12 per cent digestible pro- 
tein. Brewers’ dried grains are slightly superior to wheat bran, 
but do not possess the laxative properties of the latter. They 
may safely be used for cattle and dairy cows up to one third of 
the concentrate mixture. 

They are excellent for sheep, especially for suckling ewes and 
fattening lambs. Pigs, however, are not able to digest them 
properly. Dried brewers’ grains may replace up to 50 per 
cent of the oats in horses’ rations, pound for pound, altliough 
they tend to have a constipating effect and hence are not popular 
with horse owners on this account. 

THE MILLETS 

There are two chief types of millet namely, bajra {Fennise- 
ium typhoideum) y and juar {Andropogon sorghum) y which 
are found throughout the drier regions of India and are fed to 
all kinds of stock except horses. They have somewhat hard 
seed coats, and should be ground or softened by water before 
being used for stock. They are useful for poultry, fattening 
cattle and lambs, but should not be used for young chickens on 
account of their hard coats. 

In the Ly allpur trials bajra and juar were found to contain 
9.75 per cent and 13-75 per cent protein and 4.86 pounds and 
6.40 pounds digestible protein respectively per 100 pounds. The 
corresponding figures for total digestible nutrients were 54 
pounds and 73 pounds per 100 pounds. 

FEEDING STUFFS OF ANIMAL ORIGIN 

The chief feeding stuffs of animal origin common in India 
are: — 
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Milk and its by-products. 

Fish meals. 

Bone meals. 

Milk 

Milk is the natural food of young animals from the time of 
birth until they are old enough to look after themselves. Nature 
has so ordained things that the young of any particular species 
thrive best on the milk of that species, but are able neverthe- 
less to make satisfactory progress on the milk of others, which, 
though possessing the same type of nutrient ingredients, con- 
tains them in different proportions. Thus, cows^ milk may with 
certain adjustments be used for rearing the young of the human 
species, young foals and lambs. 

Milk is a bulky food and contains nearly 90 per cent water, 
but calculated on a dry basis, it is very rich in proteins of high 
biological value and high digestibility. All the constituents of 
milk are in fact almost completely digestible and exist in a form 
in which the digestive system of young animals can most easily 
deal with them. 

Milk contains from 4.5 to 5.5 per cent fat, present in the 
form of a very fine emulsion in which it can be most easily 
digested, and about 4.5 per cent soluble carbohydrates in the 
form of lactose. Lactose differs from cane sugar, as it is not 
fermented by yeasts but is acted on by bacteria in the intestinal 
tract with the formation of lactic acid. The mineral matter 
comprises about 0.7 per cent of the whole milk and is rich in 
calcium and phosphorus and serves all the needs of the newly 
bom animal for some considerable time. Milk, however, is de- 
ficient in iron and copper and if the young are suckled for too 
long a time they may suffer from anaemia and must then be 
treated with the iron and copper mixture described in Chapter 
XIV. 

The chief permanent factor which influences the composi- 
tion of milk is the breed of the animal, and the fat is the con- 
stituent which varies most. The next is undoubtedly feeding. 
Whilst it is not possible to get higher yields of good quality milk 
than the constitutional maximum for any particular breed by 
increased feeding, correspondingly it is not possible to get the 
constitutional maximum if the animals are not fed properly. 
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Milk if produced by animals which are given satisfactory 
rations is rich in vitamin A, but it contains little vitamin D, 
and still less vitamin C. Young animals are bom with an ample 
supply of these vitamins in their bodies, sufficient to enable them 
to grow satisfactorily during the time that nature has ordained 
that they should feed on their mothers’ milk. Prolonged feed- 
ing on their mothers’ milk beyond this period should be watched 
with care as symptoms of rickets may develop if the young 
animals are deprived of the essential vitamins. 

Ordinarily, cows’ milk is too expensive to be fed to farm 
stock other than young calves until such time as the latter can 
take solid food. It should not usually be necessary to continue 
whole milk feeding for more than four or five weeks if plenty of 
skim milk Is available. 

The table on page 200 adapted from Heinemann’s ‘Milk’ as 
given by Linton [1927] shows the chemical composition of the 
milk of different animals. 

The milk from Sahiwal cows when being fed from 2 to 6 
pounds of cottonseed per head per day, with bran, bhxisa and 
green fodder has the following composition: — 

Water. Protein. Fat. Sugar. Ash, 

86*98 3*80 4*50 4*00 0 * 75 ^ 

The table on page 201, given by Linton [1927] and adapted in 
part from ‘The Chemistry of Cattle Feeding and Dairying* by 
J. A. Murray, shows the percentage composition of the various 
by-products obtained from milk. 

It is not proposed to discuss here the problems connected with 
„the production of milk, which will be dealt with in another 
manual; beyond saying that rationing schemes should be in 
accordance with scientific standards and that milk should be pro- 
duced under the best hygienic conditions and stored until ready 
for use under similar conditions. 

Separated and skim milk 

Separated and skim milk are the products left after most of 
the fat has been removed by mechanical methods in the case of 
separated milk, and by hand methods in preparing skim milk. 



TABLE IV 

COMPOSITION OP THE MILK OF DIFFERENT ANIMALS 
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TABLE V 

COMPOSITION OF COWS* MILK AND ITS BT-PRODUCTS 



Whole ^ 
milk. 

Cream. 

Skim milk. 
(Deep set.) 

Separated 

milk. 

Butter 

milk. 

1 

Whey. 

Water. 

87 5 

70-00 

90-35 

90*61 

90*97 

93*26 

Fat. , 

3-5 

22-85 

0-35 

0*C7 

0-80 

0-24 

Nitrogenous ' 

matter. 

3-4 

1 2-71 

3-51 

3-52 

3*60 

0-73 

Milk sugar 

4*85 

3-86 

5-01 

1 

5*02 

4*06 

4-87 

1 

Asb. 

0*75 

0*57 ' 

0-78 

0*78 

0-75 

0-44 

Specific gravity. 

1032 

1010 

1036 

1037 

1030 



Skim milk contains a little more fat than separated milk 
owing to the more efficient separation of the fat in the latter. 

Calculated on a dry basis, skim milk is very rich in protein, 
as only the fat has been removed, hence it has a narrow nutri- 
tive ratio of only i : 1.5 aganst i : 4 for whole milk. Hence 
in feeding to young stock, there is little need to give other, pro- 
tein concentrates in addition. It is especially suitable for calves, 
young pigs and poultry^, but as nearly all the vitamin A has 
been removed in the cream, the efficient use of skim milk will 
depend on a satisfactory substitute for the cream being found. 
Ground or crushed oats or linseed meal are excellent for young 
calves and they may be used as a part substitute for skim milk ; 
one pound of crushed oats replacing approximately a gallon of 
skim milk. 

In the case of pigs a suitable mixed meal should be given 
with skim milk in order to obtain a properly balanced ration 
suitable to the animals’ age, skim milk being most suitable for 
young pigs. Generally speaking skim has a higher feeding value 
per unit of protein contained in it than an equivalent of feeding 
stuff from other animal sources, such as Esh meal. 
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Butter milk 

Butter milk is tiie residue left from whole milk after chum- 
iiigj and the percentage of fat left in it will depend on the effi- 
ciency with which churning is done. It generally contains more 
fat than either skim or separated milk, but all the protein and 
carbohydrates of the whole milk, and somewhat less lactose than 
skim milk, due to a mild degree of fermentation of lactose to 
lactic acid. On this account butter milk has a greater laxative 
effect than skim milk and should be given to calves at a some- 
what later age than the latter. It is suitable for pigs and 
chickens, but it should not be kept in dirty containers as it is 
liable to ferment and become rancid, in which condition it is 
dangerous. 

Whey 

Whey is the residue left from the manufacture of cheese and 
chhana during which most of the casein and fat of the milk are 
removed ; hence the residue left in the whey consists only of the 
lactalbumin, lactglobulin, the lactose and the ash. 

Its composition is variable but it is far less nutritious than 
other milk products. It contains only about 0.8 per cent pro- 
tein, 5 per cent lactose and 0.25 per cent fat. 

Whey is chiefly suitable for maturing pigs owing to the high 
quality of the remaining protein (albumin), and pigs over 100 
pounds in weight will put on weight on a ration of whey and 
barley, or wheat, or gram, without any other concentrate, but 
the whey is only half as valuable for pigs as skim milk. 

Whey is not satisfactory for young calves as it needs to be 
supplemented by fish liver oik and protein from other sources 
to make it equal in nutritive value to an equal amount of whole 
milk. It is not always easy to feed rich supplements in the 
amount necessary to balance the ration. 

Ellis [1937] recommends the following possible combinations 
with one gallon of whey: — 

1. Five parts bean meal, 4 parts linseed cake meal. 

2. Two parts linseed cake meal, 2 parts flaked maize, 

1 part white fish meal, i part oats. 

3. Two parts linseed cake, i part bean meal, i part 

superfine weatings. 



FEEDING STUFFS 


20S. 


He advises one pound of mixed meal to every gallon of whey,, 
but the combination is not even approximately as good as whole 
milk. Whey is a good poultry feed owing to its protein, and 
vitamin B content. 

Colostrum 

Colostrum is the first milk secreted by the cow after calving 
and forms the link between the inter-uterine nutrition of the 
young from its mother’s blood system, and extra-uterine nutrition 
when the calf s digestive system is capable of taking whole milk. 
It is much richer in protein and minerals than ordinary milk, 
but contains less milk sugar, and has a sickly smell It has a 
slightly laxative effect and seems to be a provision of nature tO' 
clear out the digestive tract of the newly bom calf. It is also 
said to exert a protective effect against the ingress of harmful 
bacteria to the intestines, thus preventing scour. Cows’ milk isr 
not suitable for human consumption until about five days after 
calving when it becomes normal. Colostrum is 35 times richer 
in vitamin A, and 65 times richer in carotene than normal milk. 

FISH MEALS 

There are two types of fish meal obtainable, only one of 
which, the best quality white meal, is fit for feeding to stock ; the 
other, which is really fish guano is only fit for manure. White 
fish meal is produced from the heads, bones and some of the fish 
of white types of fish which are cooked by dry heat in containers, 
surrounded by steam at a temperature of 280 for about lo 
hours. It is then cooled and ground, when a fine meal, which 
should not contain more than 10 per cent water, is obtained. 

The second type, or guano, is made from other fish in- 
cluding offal and entrails, and is similar in chemical composition 
to the white meal but contains less oil. It possesses a penetrat- 
ing odour, and if fed to animals such as cows or pigs, will taint 
the milk and flesh for long after its use has been discontinued. 
Great discrimination should therefore be used in purchasing 
fish meal for stock, and the meal should be guaranteed high 
quality white meal. 

This contains about 55 per cent protein of high nutritive 
value and 25 per cent mineral matter, chiefly in the form of 
calcium phosphate from the bones, and should not contain more 
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than 5 per cent fat or oil. Four per cent common salt should 
be add^ as a preservative. Fish meal is rich in vitamins A, 
B and D, although if dried at too high a temperature these 
may be deficient. 

The best grade fish meal is a very highly concentrated pro- 
tein and mineral feeding stuff, 90 per cent of the protein of 
^hich is, according to Orr, Crichton and Green [1922] diges- 
tible. 

Fish meal can also be used as an economical protein supple- 
ment for cattle and sheep, although it does not appear to have 
for these animals any superiority over protein feeds of vegetable 
origin, such as oilseed cake meals, and is sometimes unpalatable. 

As it is highly concentrated, only a small supplement of fish 
meal is needed as a rule to balance ordinary rations, but it pro- 
duces a marked effect on an animal’s capacity to digest its food 
as a whole, and is of special value when only cereal concentrates 
or their by-products, which are deficient in calcium, are avail- 
able, 

Orr and colleagues [1922] have recorded the results of trials 
conducted at the Rowatt Institute to ascertain the extent to 
which high grade fish meals do or do not taint the milk and 
flesh of animals which eat them. They experimented with 
cows, pigs and poultry. Cows were given up to i pound of 
fish meal per day without any harmful effect on the milk. Hens 
and cockerels were fed fish meal with other meals and no taint 
could be found in the eggs or the flesh. In the case of pigs, 
the trials were started when the animals were 8 weeks old, and 
continued for 3 months. The ration consisted of fish meal, 
potatoes, oats and maize, in the proportion of i part of meal to 
6 of the rest, and in no case could any taint be observed in the 
flesh of the animals after slaughter. 

Other trials were also conducted with unguaranteed and not 
specially selected herring meal and it was found that, if the fish 
meal was discontinued a fortnight before slaughter, no taint 
could be detected in the flesh, but if the fish meal was continued 
up to the date of slaughter, the bacon had a fishy taste and the 
fat was of a yellowish colour, although the pork appeared to be 
unaffected. 

Fish meal does not keep well in storage and should only be 
bought in small quantities at a time and kept perfectly dry and 
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as cool as possible. If any signs of rancidity or decomposition 
appear it shonld on no account be used. 

BONE MEAL 

There are two grades of bone meal. The first is made by 
grinding bones to varying degrees of fineness^ and is only fit to« 
be used as a manure. In India, even this meal is frequently far 
from being a meal in the proper sense of the term and may be 
of a very coarse type. 

The second type, and the only one which should be fed 
to stock, is steamed bone meal. This is prepared by very 
thoroughly cooking the raw bones under steam pressure which 
removes most of the fat and protein. The residue is then dried, 
finely ground and sold as steamed bone meal. The cooking 
process sterilises the meal and removes any possibility of infec- 
tion with Anthrax, which might be conveyed to stock by the- 
use of raw or uncooked meal. 

Meal thus prepared naturally varies in composition, but con- 
tains on an average 30 per cent calcium, 1 5 per cent phosphorus, 
but only about 7 per cent protein and 3.0 per cent fat. It is 
thus essentially a well balanced calcium-phosphorus mineral sup- 
plement, and is particularly useful when sufficient high calciumi 
phosphorus feeding stuffs are scarce, or even as a supplement 
when they are not. It may be used for young growing stock 
and high yielding dairy cows. The meal may also be fed to 
pigs and poultry, and a small amount, varying from 4 to 6» 
ounces per head per day, may conveniently be given to colts or 
horses when on poor pasturage, or whose concentrate is mainly 
oats. 

High yielding dairy cows may be given up to one pound per 
day, calves when fed on milk substitutes up to one ounce per day, 
and sows and young pigs up to half an ounce a day. 

The necessity for bone meal will depend on the nature and 
quality of the rations available, and if given in the above men- 
tioned or smaller quantities, should prove beneficial. 

What is sometimes called raw bone meal must be distin'- 
guished from the uncooked variety used as a fertiliser. Strictly- 
speaking it is not raw, but is prepared by boiling the bones in 
open vats instead of under steam pressure. This method does. 
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not remove as much protein and fat as the steam process, so the 
meal does not have as high a calcium-phosphorus content as the 
steamed variety. It is otherwise much the same, except that, 
as a rule, it is more coarsely ground and more suitable for poul- 
try than for other stock. 

Stock owners may be inclined to feed rock phosphate in- 
stead of bone meal but as pointed out in Chapter II, this is not 
to be recommended, as rock phosphate may contain up to 3 or 
4 per cent fluorine, which has a most deleterious effect on the 
teeth and bones. A safe plan therefore is to avoid rock phos- 
phates as a mineral supplement and never use them for stock. 

BLOOD MEAL 

Blood meal is not much used in India, but the blood fiom 
slaughter houses may be dried by various processes and ground 
to form a meal or dried blood, as it is called. 

This material is very rich in protein, containing over 70 per 
cent, but it is low in calcium and phosphorus and thus differs 
from meat scraps. Blood meal may be fed up to one or two 
ounces a day to calves and young pigs, though tankage is to be 
preferred for the latter. It may also be given to chickens or 
horses which have become run down or debilitated. Its special 
value is due to its high protein and lipoid content, and to the 
iron contained in the haemoglobin. It may also be used for 
dairy cows but only in small quantities not exceeding one pound 
per head per day. Owing to the temperature employed in dry- 
ing, the protein is not highly digestible, a fact which to some 
extent detracts from its value. It is also considered by some 
people to be useful as a supplement for increasing the quantity 
of wool on sheep. 

MOLASSES AND MOLASSED FEED 

Molasses 

The value of molasses as a feeding stuff lies almost entirely 
in its carbohydrate content, and to some degree also in its high 
phosphorus content. It is a well known fact that when a meal 
is taken consisting of protein and carbohydrates, a high percent- 
age of carbohydrates has a tendency to depress the digestibility 
and proper utilisation of the protein. 



FEEBIHG STUFFS 


207 


Trials carried out at Lyallpur with heifers and working 
bullocks on normal rations consisting of wheat thus a and gram 
indicated that the addition of from four to six pounds per head 
per day of molasses to the ration considerably depressed diges- 
tibility of the protein. Therefore, whatever the value of molasses 
may be in terms of total digestible nutrients, its inclusion in tire 
ration beyond a certain amount is not likely to increase the value 
of the ration proportionately ; on the other hand it may diminish 
it. The evidence so far ^available indicates that up to two 
pounds molasses per head per day may safely be fed to dairy 
cattle as a part of the total ration with beneficial effects, but 
beyond this amount its value tends to diminish and may ulti- 
mately become negative. 

Molassed feed 

During recent yean various types of molassed feeds prepared 
by adding a certain percentage of molasses to other feeding 
stuffs have appeared on the market. Some of these contain up 
to fifty per cent molasses or even more. The author has con- 
ducted feeding trials at Lyallpur on heifers for a period of six 
months on a molassed feed obtained from the Imperial Institute 
of Sugar Technology, India, (Cawnpore), which contained two 
parts bagasse screenings, three parts mustard cake and four parts 
molasses. Some difficulty was at first experienced in inducing 
animals to eat this material, but after a time they became accus- 
tomed to it. The chemical composition of the molassed feed 
was similar to that of wheat bran, although its digestibility was 
considerably lower. For comparison the chemical composition 
and the feeding values of the molassed feed ^nd bran respec- 
tively are set forth in tables VI and VII below: — 

TABLE VI 



Moisture. 

% 

Dry 

matter. 

% 

Ash. 

% 

Fat 

% 

Crude | 
fibre. 
% 

Protein. 

% 

Niferogen 
free extract. 
% 

Molassed feed. 

Wheat bran. 

9*24 I 

1 

87-80 

90*76 

10-2? 

4-83 

2*71 

3-79 

1 13.01 
11-53 

13 44 

14*1 

48*35 

56-48 
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TABLE VII 



Total digestible 

Digestible protein ; 



nutrients per 

per 100 Sb- of 

Albuminoid ratio 


100 lb. of the feed. 

the feed. 

1: 


lb. 

ib. 


Molassed feed. 

50-47 

7-00 

5*6 

Wheat bran. 

50*59 

30-60 

« 

4*1 


TABLE VIII 

CALCIUM AND PHOSPHORUS CONTENT 


Calcium as CaO ] 

per cent. j 

Phosphorus as PjOg 
per cent. 

Molassed feed 

1*240 

0*429 

Wheat bran 

0-356 

2-000 

1 

Oat hay 

C-330 

0-294 

Wheat bhnsa 

0*358 

0-060 


The molassed feed was rich in both calcium and phosphorus- 
The corresponding calcium and phosphorus figures for wheat 
bran, oat hay and wheat bhusa arc shown in table VIII above 
for sake of comparison. It may be noted, however, that the ratio 
between calcium and phosphorus in the molassed feed is not 
well balanced, as an ideal ratio is roughly i part calcium to 0.9 
phosphorus. Whilst therefore such feeds have an undoubted 
value in certain conditions, they have their limitations and draw- 
backs- As they are highly saccharine in nature they are inclined 
to ferment when stored, particularly under damp conditions. If 
stored in bulk there is a danger of fermentation progressing to 
such a degree as to cause spontaneous combustion. Such feeds 
are also very bulky, which is a disadvantage if they have to be 
transported any considerable distance. 
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CHAPTER VII 


THE PREPARATION AND STORAGE OF FEEDING 

STUFFS 

In the previous chapter some of the common feeding stuffs 
used in India have been reviewed, and the preparation and 
methods of storage of some of them described. We can now re- 
view in somewhat more detail the methods employed in prepar- 
ing and storing some of the more common feeding stuffs in 
India. 


HAT 

Hay is the product made from grass and other fodder plants 
after having been carefully dried for future use. It should not 
contain more than about 12 — 14 per cent moisture, so the 
original grass must be dried sufficiently rapidly in order that 
fermentation and decomposition do not take place before it is 
ready for stacking. The best plants to make into hay are 
grasses, oats, clovers and other leguminous crops such as lucerne 
and berseem. The thicker stemmed crops, such as maize, are 
not suitable for hay making owing to the length of time their 
stems take to dry. 

Good pasture hay should form an essential part of the rations 
for all farm stock, except poultry and swine. 

Hays vary very widely in composition and nutritive value 
according to the pastures from which they are produced. 

In India grass is still collected largely by recognised grass 
cutters and coolies who cut it wherever and whenever they can 
find it, their chief object being to get the maximum bulk, and 
little or no attention is paid to quality which is governed largely 
by the stage of growth at which the grass is cut. 

Factors influencing the composition of hay 

There are wide variations in the composition of grasses and 
crops from which hays are made, at different stages of growth, 
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and tlie quality of hay will depend on the stage at which tiie 
grass from which it is made is cut. Different grasses naturally 
vary in the extent and nature of these variations, but in general, 
all grasses in their very early stages of growth are less nutritious 
than later on, because they contain a large proportion of their 
nitrogen in the non-protein form. The protein content tiien 
rises to a maximum at what may be termed the milk stage, and 
then falls again. If, tlierefore, grass is cut for hay when fully ripe 
much of the protein will have passed into the seeds and be lost 
in hay making, as well as a considerable part of the dried leaves. 
In the case of the millets, sorghums, maize and soybeans, this 
rule does not strictly hold, if both the seed and the straw arc 
taken into consideration, and such crops are usually richer in 
total digestible nutrients at a more mature stage than earlier, 
owing to the storage of nutritive material in the seed. Fig. 8 
shows the variations in the protein content of certain crops from 
month to month as growth progresses. 

Early cut hay is reputed to contain a greater percentage of 
ash, chiefly in the form of calcium and phosphorus, but the 
author’s investigations on many different grasses indicate that 
this does not necessarily always hold good. Very great variations 
do occur, but these may not be constant for the same grass in 
the same locality from year to year. Fig. 9 which represents 
respectively anjan, palwan and dhub grass from Sirsa in the Pun- 
jab, SJso illustrates these variations over the growing period. 

The ultimate value of hay will be chiefly determined by the 
stage in growth of the grass when it is cut. Prior to tiie flower- 
ing stage the nutiient content of the leaves and culm is not fully 
developed, but on the other hand if cutting is deferred until the 
seed is ripe the latter contains most of the nutrients of the plant 
and falls off during the operation of cutting and hay making. 

The best time to cut grass for hay is when the bulk of the 
principal grasses have flowered. Naturally, except under con- 
trolled conditions, a variety of j^asses may be found in natural 
pastures, and these may not always flower at the same time; 
such hays are called composite hays and may present wide 
differences in composition and nutritive value. 

Making hay 

When grass is ready for cutting it should be cut in the cooler 
hours of the day, but not before the dew is off. The time of 



Fio. 8. Showing variations in protein content op cultivated crops during 






OUB MASS 1 Am^AM mass 





a3J.xvr/ A. no no an3o a 3 c/ 


( 213 ) 


Fig. 9. Showing variations in the ProteiNj Calcium and Phosphorus 
CONTENTS OF PaLWAN» DhUB AND AnJAN GRASSES DURING GROWTH. 
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cutting is important because newly mown hay should be protect- 
ed as far as possible from the carotene destroying influence of 
the sun’s rays. When the grass is cut it may be cured either in 
the swath or stacked in small heaps or cocks. Grass dries much 
more rapidly in the swath than in the cock, but it is not advis- 
able to cure it there as the leaves become dry and brittle before 
the stems, witii the result that there may be a considerable loss 
in subsequent handling. Legume hay is specially liable to loss 
from this cause owing to its thick stems which take longer to 
dry than the leaves. There is also far greater loss in carotene 
when hay is left in tlie sw’’ath. The most satisfactory plan is 
to leave the grass as it is cut for an hour or two, depending on 
the weather, and then gather it into numerous small heaps 
wdiich should be repeatedly turned at intervals and gradually 
made into larger ones until ready to be stacked. When hay is 
exposed to the hot sun, frequent turning is necessary in order to 
preserve the aroma and green colour, otherwise the parts ex- 
posed to the sun become unduly dry and considerable loss in 
carotene will occur. Should rain occur, turning will be even 
more necessary in order to avoid loss by fermentation. 

The small heaps which are thus continually kept turned are 
gradually worked up into larger ones, and, according to the 
climatic conditions prevailing, the hay should be ready by the 
end of tlie second day to be carted away and stacked. At this 
stage it should be of a greenish colour, free from mould or 
decomposition, with a fresh, characteristic newly mown hay 
aroma, and neither too drv nor too wet, and containing about 
12 per cent moisture. 

Storing hay 

After the hay has been properly prepared on tlie field it is 
carted to the site where it is to be stacked. The actual site of 
the stacks should be carefully chosen, in regard to weather and 
other conditions. The first layers should not be dumped on to 
the ground direct, but a platform slightly raised above the sur- 
rounding ground level should be prepared, so as to afford proper 
drainage if necessary and facilitate aeration. The stack should 
be built on a hard clay foundation, and if there is danger of 
tlie bottom of the stack becoming too damp from subsoil water 
or seepage from surrounding land, this may be improved by 
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cementing the surface with clay with which a little sodium 
carbonate has been mixed The main task of constructing the 
stack now remains. The dimensions on which it is desired to 
build the stack ha\dng been fixed, the hay on arrival should 
be well shaken out and evenly packed over the entire surface, 
which IS gradually raised until the desired height is attained. 
(Legume hay needs special care in this respect and should not 
be shaken out in the same way as grass hays owing to the liability 
to loss on account of the brittleness of its leaves, see also Chapter 
XII.) Special care is needed in well distributing the hay and 
not packing it in compact bundles in the stack when it arrives 
from the field. 

It is important both for practical and economic leasons 
to locate the stacks as near as possible to where the hay will 
ev^entually be required, and not to mix hays of different quality 
in the same stack. Every stack should be roughly earmarked as 
regards quality, otherwise if, for example, dairy cow^s are sud- 
denly changed from a high grade stack to a low grade one their 
milk yield may be adversely affected 

The question is sometimes asked whether hay should be stored 
in barns (Plate XXII) or some permanently covered structure. In 
places with high rainfall the latter might be desirable, but, as 
a general rule, hay should be stacked in the open witii a sloping 
thatch preferably made from paddy straw, or reeds, tied into 
small bundles and carefully placed so as to form a water-tight 
roof. A reasonable amount of air will not harm hay, and if 
the stack is a large one and more aeration is needed, this may 
be attained by placing a line of small six-inch drain pipes at in- 
tervals from the outside to the centre of the stack, or a thick 
bamboo at various levels. An occasional layer of dry paddy 
straw or wheat or millet straw will also prove beneficial and pre- 
vent undue heating or fermentation. 

If hay is carefully stacked in this w’'ay it should be in good 
condition and ready for use after a year or eighteen months. 
After this time it gradually deteriorates in nutritive value. It 
is an advantage if a little salt or pepper is sprinkled at inter- 
vals as the stack is being built up, to act as a preservative and a 
protection against insects. 

Brown hay 

If hay IS stacked in too moist a condition, it may become 
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overheated and considerable fermentation ensue^ with the result 
that what is called brown hay is produced. As a result of the 
oxidation of starch to sugar and alcohol, and losses from these 
due to further fermentation to carbon dioxide and alcohol, 
brown hay will be of considerably less nutritive value than green 
hay. 

Sometimes a mild degree of fermentation is encouraged as 
horses, for example, develop a taste for such hay, and may even 
prefer it to green hay, but if fed in large quantities it is likely 
to cause scouring. Excessive fermentation due to bad curing 
and stacking in a damp condition may cause fermentation to 
proceed so far that the temperature rises to a point when spon- 
taneous combustion occurs. This should not happen in a well 
prepared stack. 

Computing the weight of hay in a stack 

The amount of hay in a stack depends on a number of 
factors, such as the type of hay, degree of moisture when stacked, 
and methods of stacking. The following methods of computa- 
tion are those recommended by the U.S. Department of Agri- 
culture, Morrison, [1936]: — 

For lucerne hay after being from 30 to 90 days in the stack, 458 

cubic feet per ton (28 Punjab maunds). 

For mixed hay, 640 cubic feet per ton. 

For wild hay (Indian equivalent is grass collected at random), 

600 cubic feet per ton. 

For hay over 90 days in the stuck . 

For lucerne hay, 470 cubic feet per ton of ha\. 

For mixed hay, 625 cubic feet per ton of ha\. 

For wild hay, 450 cubic feet per ton of hav. 

Computing the volume of hay in a stack 

It is somewhat difficult to determine accurately the volume 
of hay in a stack, as the shape of the stack may vary consider- 
ably. The following method, however, is that recommended 
by the U. S. Department of Agriculture [Morrison, 1936] after 
detailed investigation: — 

The volume of a rectangular or oblong stack is: — 

For low, round topped stacks: (0.52 x O) — (0.44 x W) x W x L. 

For high, round topped stacks: (0.52 xO) - (0.46 x W) x WxL. 

For square, flat topped stacks: (0.56x0) - (0.55 x W) xWxL. 

For volume of a round stack: (0.04 xO) - (0.012 xG) xG®. 
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In these formulae, O is the "over,’ i.e., the distance from the 
base on one side of the stack over the stack, and to the base on 
the other side. W is the width, L is the length, and G is the 
circumference or distance around a round stack. In measur- 
ing a round stack the ‘over’ should be measured in two portions 
at right angles to each other. 

When to feed hay 

The best time to feed hay is when it is about a year old. Up 
to this time if curing and stacking have been well done, a mild 
degree of fermentation occurs which helps to make the proteins 
more digestible, and also breaks down some of the more indiges- 
tible parts of the fibre. After a year, however, hay tends to 
diminish in nutritive value and becomes dry and dusty, and if 
exposed to bad weather may become mouldy and develop a bad 
odour which makes it unsatisfactory for stock, particularly 
horses. When hay has become damaged in this way it should 
not be fed to dairy cattle or horses, but may be given in small 
quantities to working bullocks. New hay should not as a rule 
be given to horses. 

Effect of soil on hay produced 

The nature of the soil on which a crop is produced for liay 
affects not only the yield, but also the composition of the crop. 

Soils which are deficient in phosphorus, such as some of the 
Bihar soils, may produce crops in which the phosphorus con- 
tent is low. Calcium has also been found to be notably below" 
normal in the crops growing in Kangra in the Punjab where 
there is a very high rainfall which tends to wash the calcium 
out of the soil. Osteomalacia, rickets and goitre are all very 
prevalent in such areas among human beings, and the animals 
also show signs of calcium-phosphorus deficiency. 

Losses incurred in hay making 

A certain amount of loss in nutrients is inevitable in hay 
making, but these can be reduced to a minimum with proper 
care. 

Loss is incurred as a result off' : — 

1. Breaking off the leaves and finer stems. 

2. Loss in carotene (vitamin A) by ex|x>sure to the sun 

and air, and by fermentation. 



218 


FEEDING OF FARM ANIMALS 


3. Loss of carbohydrates by fermentation 

4. Loss by leaching in heavy rain. 

( I ) Loss is liable to occur by the breaking off of leaves 
and flowering headsj or parts of the stems at various stages of 
hay making. As these are the parts which contain the greatest 
percentages of nutrients and vitamins, particular care should be 
taken to avoid such loss. 

Legume hays are particularly liable to loss on this account 
as the leaves dry much sooner than the thick stems, and it is 
not uncommon to find legume hays thereby reduced 50 per cent 
in value. 

(i2) Loss of carotene (vitamin A) is likely to be great if 
the hay is left long exposed to the air and the direct rays of the 
sun. The carotene content of a hay may be judged largely by 
its colour, wLich in a well cured hay should be a greenish brown. 
A hay that is a dead brown colour may be taken to be poor in 
vitamin A. Therefore hay should be kept continually turned 
as far as possible while in heaps in the field prior to being carted 
for stacking. 

(3) A certain amount of fermentation occurs under the 
most favourable conditions during which some of the starch 
is changed into sugar, which may be further oxidised to carbon 
dioxide and vv^atcr, thus causing loss of valuable nutrients. Loss 
from this cause is usually relatively small witli well cured hay. 
Fermentation may also cause destruction of carotene. 

If hay is allowed to stand too long in heaps in the field with- 
out being turned, very considerable loss extending to as much 
as 40 to 50 per cent may take place from fermentation. Exces- 
sive heating due to fermentation also contributes to the loss. 

(4) When hay is subjected to heavy rain during the cur- 
ing process while in the swath, considerable loss may result 
from the leaching out of nutrient material. Such loss is less 
when the hay is stacked in the field in small heaps, but when- 
ever thorough soaking occurs from rain and weather permits, 
steps should be taken to minimise loss from leaching which may 
in some circumstances be very considerable. 

Drying Grass Artificially 

The sun in India usually suffices for drying hay before being 
stacked, but the practice of artificially drying grass is common 
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in some countries where drying by the sun is difBcult. The 
green grass is first chopped into smaJl lengths and then passed 
through a drying chamber where it is exposed to hot air and 
the gases from the furnace. A temperature of about 600 is 
usually employed, and if the operation is properly conducted 
there should be no loss and the green colour of the grass is 
preserved. When grass is dehydrated in this way almost the 
whole of the original nutritive value is preserved, although 
there may be considerable loss in vitamin D. If the grass is care* 
fully dried the carotene content should be practically undimi* 
nished, whereas in the best sun dried hay losses in carotene may 
amount to as much as 50 per cent or moxe in the process of 
hay making. 

The digestibility of dehydrated grass is not materially 
impaired if a temperature up to 600 °F is employed, but higher 
temperatures may considerably diminish its value due to lowered 
digestibility. 

The method of artificially drying grass is not used in India 
to anything like the extent that it is in some other countries^ 
where damp or rainy conditions prevail during the grazing sea- 
son. The necessary appliances are too costly for the average 
fanner, but on large farms and Government estates where pas- 
ture lands can be scientifically and systematically controlled 
there is much to be said for the drying of grass by this method. 


Some Typical Indian Composite Hays 

Emphasis has been previously stressed on the need for cutting 
grass at the proper time for preparing good quality hay. Some 
years ago the writer carried out an investigation by means of 
digestibility trials on Sahiwal heifers on the feeding value of 
certain composite hays obtained from a number of military grass 
and dairy farms in the Punjab [Lander, 1942], and representa- 
tive of the districts from which they were obtained. The re- 
sults obtained show how hays prepared in different districts vary 
widely in chemical composition and nutritive value. This may 
be due, partly to the type of grass collected for making the hay, 
and partly to the fact that many of the grasses were not cut at 
the optimum nutritive stage. Table 1 shows the districts from 



220 


FEEDING OF FARM ANIMALS 


which the hays were obtained and gives a summary of the nutri- 
tive data relating to them. 

Table II, in which some data relating to non-Indian fodders 
taken from Orr’s ‘Minerals in Pastures’ are also given for com- 
parison, shows the complete analytical data of these hays. 
Those marked ‘M’ in the remarks column proved to be mainten- 
ance rations for three-year-old heifers, as judged from the con- 
servation of body weight and the daily nitrogen balances found 
in the digestibility trials which have been fully described by 
the author in a recent publication [Lander, 1942]. 

A study of Tables I and II reveals many interesting features 
a few of which may be selected for discussion. 

If the Sialkot (plains) and Muree (hills) hays with res- 
pective protein contents of 4.83 per cent and 3.68 per cent 
(Table 11 ) are compared, it will be noted that, although these 
figures are not widely divergent, yet the digestibility coefficients 
for the respective proteins contained in them are, being 40.18 
per cent and 15.84 per cent respectively (Table I). 

This phenomenon may be explained by saying that it re- 
lates entirely to the nature of the proteins present. It is in- 
teresting, however, to note the respective phosphorus contents, 
vizr, — 0.43 per cent for the Sialkot hay and o.ii per cent for 
the Murree hay (Table II) . 

Again it will be noted from Table III that in the Sialkot 
bay, with the higher phosphorus ^^201) content, the digestible 
protein per 100 pounds of hay is 2.17 pounds compared with 
0.56 pound in the case of the Murree hay with a low phosphorus 
content. 

In the case of the Ambala hay (phosphorus as P2O-,, 0.67 
per cent) and the Dalhousie hay (phosphorus as P2O5, 0.15 per 
cent) an even more pronounced difference in the availablity of 
the digestible protein will be noted, the figures being respectively 
2.26 per cent for the Ambala hay (plains) and 0.35 per cent for 
the Dalhousie hay (hills) (Table III). The same relationship 
between the phosphorus (P2O5) content and the digestible pro- 
tein per 100 pounds of hay is seen if the other hays rich and 
poor in phosphorus content, such as, for example, the Ferozepur 
and Kasauli hays, the Ambala and Multan hays, and the Jhelum 
and Multan hays, are compared. It may be possible that the 
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calcium-phosphorus ratio affects the digestibility of the protein 
of the grass in some way at present obscure. 


TABLE III 


District 

Prottln 

Digestibility 

Digestibility 




of origin 

percentage 

coefficient 

protein pei 

I 00 lb of 

PoO, 

CaO/P^O, 

of ha\ . 

of cir>' hay 

of protein. 

the hay. 




Sidikot. 

4*83 

40T8 

2*17 

0'43 

T3 

M 

Kurree. 

3*68 

15*84 

0*56 

0*11 

9*0 


^lultan {Musel}. 

3*15 

12*01 

0*35 

0*22 

3*8 


Dalhousie. 

3*41 

1T22 

0*35 

0*15 

5*0 


Jheluin. 

5*15 

34*24 

1*58 

0*32 

T9 

M 

Ferozepur. 

8*96 

58*41 

4*99 

0*56 

T3 

M 

Rasauli. 

4*19 

19*29 

0*72 

0*21 

4*8 


Ambaia. 

5*55 

44*10 

2*26 

0*67 

0*9 

M 


These data show that great variations occur in what is com- 
monly called hay. 

If, however, good grass is cut at the correct stage, the grass 
itself and hay made from it constitute a protein rich feeding stuff 
much richer in total digestible nutrients than most roughages. 

Where grass is carefully grown for hay as in Remount Depart- 
ment farms, the number of varieties found in a paddock is con- 
siderably less as a rule than on ordinary grazing grounds, and 
is more comparable to seed hay in western countries ; conse- 
quently a more uniform type of hay is produced. 

The question may arise in regard to land primarily devoted 
to producing grass for hay, whether to allow the grass to grow 
to the stage when it is ready for cutting for hay or whether to 
cut it at frequent intervals throughout the year. In the latter 
case the total yield of dry matter may be much less than in the 
former, but on the other hand the total yield of protein may be 
greater when the crop is cut frequently, or grazed under the 
system known as rotational grazing, than if the ^ass is allowed 
to grow to the stage required for hay. According to Morrison 
[1936], grass in general, if cut at intervals of 2-3 weeks will yield 
only 50 to 65 per cent as much dry matter, and 60 to 75 per 
cent as much total digestible nutrients during the season, as 
when it is harvested for hay at the usual stage. In investigations 



224 


FEEDING OF FARM ANIMALS 


carried out at Sirsa, the author has shown [Lander, 1942] that 
successive cuttings of various selected grasses may give greater 
yields than when the grass is left till matuiity A safe rule to 
follow is always to cut the grass for hay at the proper nutritive 
stage just after dowering, when the maximum yield of nutrients 
lb likely to be obtained. 

It is not only desirable to cut grass for hay before the seed 
is ripe, on account of the higher protein content, but also because 
the protein is more digestible when the grass is cut at this stage. 
The digestible protein and the total digestible nutrients are 
therefore both invariably higher when grass is cut at the right 
stage. Even a delay of a few days when the seed is ripening 
may make a difference in this respect, and consequently alter 
both the cash and nutrith^e value of the hay. 

Bhusa or Straws 

Bhusa and the straws of other cereals are the residue left 
after the ripe crop is threshed for removing the grain. In India, 
rice is generally threshed by banging the crop with sticks after 
it is cut, but the most common method of threshing other grains 
is to allow bullocks to trample on the gathered crop which is con- 
tinuously turned over and broken up. The bhusa then consists 
of the dried leaves and stalks which arc stacked in the field at 
suitable places by one or more of the following methods* — 

( 1 ) In kups 

A kup (Plate XXIII) is a structure resembling in shape the 
domes on mosques, and is made by packing straw or bhusa 
tightly together and then thatching with bhusa in such a manner 
that there is, so to speak, a succession of overlapping eaves from 
the top of the dome to ground level as shown in the photo- 
graph. The thatch protects the bhusa in the kup from rain 
and is particularly suitable for wet districts. If bhusa is stacked 
in this way it may be kept for a year or two. 

(2) The palla 

The palla is a somewhat simpler structure than the kup and 
is common in villages. It is made by packing bhusa in the 
space made by placing a number of ordinary charpoys set up 
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on end so as to fonn squares or rectangles. The top is then 
covered by a thatch of unbroken wheat straw and plastered over 
with mud. 

(3) The dhar 

The dhar is a primitive method and merely consists of a 
long heap of hhnsa covered over with mud. It is perhaps the 
most w'asteful metliod of storing bhiisa. 


ENSILAGE 

If certain gzeen fodder crops are cut and dried in the sun 
they may be preserved as hay as described above. 

If, however, they are cut and left exposed in heaps on the 
ground they will soon become mouldy and decompose’ and be- 
come totally unfit for feeding to vtock. Decomposition is due 
to the combined action of bacteria (some of which act best in 
the presence of air and are called aerobic, while others act best 
without air and are anaerobic), fungi, moulds and the x’-arious 
plant enzymes present in the cells of plant tissues. 

If these processes could be checked and controlled, it is clear 
that decomposition could also be* checked, and the plant 
material kept for a considerable time on much the same prin- 
ciple as canned foodstuffs, which can be kept for a long time if 
they are properly prepared. 

The process by which green fodders may be preserved is 
called siloing or ensiling, and the resultant product is known 
as silage or ensilage. In the process of siloing, fermentation is 
never actually stopped, but continues in varying degree accord- 
ing to the method employed. Various substances are thus pro- 
duced from the partial decomposition of the fibre, cellulose, 
starch and proteins of the plant material. Some of these pro- 
ducts are carbon dioxide, w^ater, acetic acid, lactic acid and 
butyric acid, and their amount and type will depend on the 
nature of the material siloed and the method of siloing it. It 
is clear that the type of silage produced will also depend on the 
method employed. The process of siloing has developed greatly 
in those countries where wet weather may hinder the making of 
hay, or where large quantities of green succulent feeds are re- 

p 
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quired to carry stock through the winter, as in the U.S.A, where 
practically no farm in the cattle belts is without its silo tower. 

In India siloing is the exception rather than the rule, partly 
owing to the cost of construction of tower silos in areas where 
these can be utilised, and partly because in irrigated tracts green 
crops are usually available throughout the year. The practice, 
however, might be made more use of to preserve fodder which 
goes to waste an the monsoon as a reserve against famine con- 
ditions, or on large estates where the rotations followed nece- 
ssitate keeping a reserve of green fodder in silos. The average 
^amindar, however, will need considerable persuasion to induce 
him to construct simple pit silos where they could advantageous- 
ly be used. 

Fermentation changes occurring in silage 

When green fodder is cut there is always h certain amount 
of air occluded in the tissue cells of the plants, and when placed 
in the silo, the cells continue their respiratory activities for a 
time. Some of the fibre, cellulose, starch and protein become 
partially digested and broken down into carbon dioxide and 
water and simple nitrogenous products, with the evolution of a 
considerable amount of heat. These activities involve the lo^s 
of a certain amount of the dry weight of the original material 
and in some cases may be as high as 40 per cent. Air occluded 
in the spaces between the plant material, and bacteria, also assist 
these changes, and if a silo is very loosely packed in a damp 
condition, a very high temperature may be attained with the 
result that a considerable amount of the silage may be destroyed. 

Freparation of silage 

The great art in silage making is the control of quality so 
as to prepare silage wdiich is palatable, with the minimum 
amount of loss through fermentation or decomposition. The 
changes which take place during the preparation of silage from 
the raw material are brought about by the agency of micit>- 
'Orgamsms, some of which are beneficial, such as the lactic acid 
and acetic acid producing organisms which operate best with 
Qcchision of some air. Acetic acid is produced by a minute 
torganism known as Bacterium acetii from starch or sugar con- 
tained in the fodder, while lactic acid is produced by the lacto 
bacilli or Streptococcus lactis. 
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The presence of the acids produced by these organisms pre- 
vents the development of certain undesirable bacteria which are 
res|x>nsible for decomposing the proteins of the material ensiled. 
There is a considerable number of these organisms, and one 
group is known as the butyric acid bacteria {Clostridium butyri- 
cum) as it produces butyric acid which is very undesirable in 
silage. These bacteria are most active in anaerobic conditions, 
with a minimum or total exclusion of air. The amount of 
acetic and lactic acids produced in a well made silage should 
constitute approximately 2 per cent by weight of the total 
materiaL In making silage, therefore, the lactic and acetic 
acid producing organisms have to be encouraged by means of 
proper packing and a judicious occlusion of just the right amount 
of air to encourage their activity. 

In western countries these activities are sometimes increased 
by inoculating the material to be ensiled with the proper type 
of organism. 

In order to produce silage of good quality the material to 
be ensiled should be allowed to wilt slightly before being placed 
in the silo and should be reasonably tightly packed, but not too 
tightly so as to exclude all air. When packing the silage special 
precautions are necessary to see that air spaces are not left at 
the sides of the pit. The best silage is made by employing 
bullocks to tread down the material and even elephants, when 
available, may be used in a pit silo. In the process of maturing, 
the relatively high temperature of loo^F may be attained and 
this helps to inhibit the action of undesirable proteolytic bacteria, 
such as those which form butyric acid. Lactic and acetic acid 
producing bacteria are active in such conditions. 

If the material has been too loosely packed with much air in- 
cluded, oxidation processes are more intense and a temperature 
of i 20^F may be attained, which will still furtlier tend to inhibit 
the development of the proteolytic organisms. In such condi- 
tions there will be a tendency for the development of moulds. 
When properly prepared both lactic and acetic acids are present, 
the former in greater amount, and the silage has a sweet or fruity 
taste. Such sila^ is very palatable to animals. 

An intensive study of the quality of silage has been made at 
Cambridge^ by (a) inspecting silage from a large number of 
silos and ascertaining the conditions under which each was made 
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by the farmer concerned, and (b) by making accurate observa- 
tions of the conditions of the crop as ensiled, and subsequently 
observing the types of silage produced. In this way it has been 
possible to distinguish five distinct types of silage: — 

1. Sweet, dark-browm silage. 

2. Acid, light-brown or yellow-brown silage. 

3. Green fruity silage. 

4. Sour silage of several forms. 

5. Musty silage. 

The chief characteristics of these are as follows: — 

(1) Sweety dark-brown silage 

Sweet, dark-browm silage is a good feeding stuff but is not 
the best type of silage. It has a sweet pleasant smell similar 
to that of over-heated hay, but it is generally rather diy, al- 
though it is very palatable and readily eaten by cattle. This 
type of silage is generally produced when the temperature rises 
above 113^?, but is not produced below that temperature. It 
fiequently happens that a shallow layer of sweet silage is found 
between 6 inches and 2 feet below the surface in tower silos 
filled with almost any crop other than maize. This is because air 
has more ready access to the surface of the silage than to the 
lower layers and so encourages fermentation and heating. Sweet 
silage is therefore produced when conditions are such that fer- 
mentation is facilitated by tlie presence of sufficient air, so that 
the temperature rises above ii3°F. This frequently occurs 
when dry crops or those which have been allowed to dry after 
being cut are ensiled. vSuch crops facilitate fermentation be- 
cause they cannot be very tightly packed, and also because the 
heat genemted by fermentation has less moisture to heat, hence 
the temperature rises. The production of sweet silage is also 
facilitated by making the silage in intermittent stages, thus allow- 
ing fermentation to occur in each layer before the next layer 
is put on. Considerable wastage occurs with this type of silage 
due to excessive fermentation although the product is both 
attractive and nutritious. 

(2) Acidy light-brown or yellow-brown silage 

This type of silage is generally produced when oats or seed 
crops are used, especially if they are wilted shortly before being 
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ensiled, so that the crop contains from 25 to 30 per cent diy 
matter when ensiled. The maximum temperature attained 
varies between 86^F and I04^F. Not much juice is usually lost 
in making silage of this ly'pe. Browm silage is brown or yellow- 
brown in colour, and the more yellow the colour the better is 
the silage. It has a pleasant, acid smell due to the presence of 
acetic acid. This silage is readily eaten by stock which tlirive 
upon it, and is one of the best types of silage. 

(3) Green fruity silage 

This type is not very common, but may be produced if crops 
•such as oats are cut before maturity at the milk stage before 
the seeds are properly formed. To produce this type the crop 
should be cut and ensiled without delay. The maximum tem- 
perature attained is about 86^ F and the resulting silage, which 
has a green or olive ' green colour, has an* attractive smell, is 
neither sweet nor sour, and is greedily eaten by stock. It is 
also highly digestible. 

This type of silage suffers from the practical disadvantage 
that considerable quantities of juice containing nutritive material 
are likely to drain to the bottom of the pit or tower. This juice 
can be collected from tower silos and fed to cattle or pigs but 
involves loss and deterioration of the bottom layers of the silage 
in under-ground silo pits. 

(4) Sour silage 

Sour silage generally results when very immature and suc- 
culent crops are ensiled, as the watery fodder packs down very 
closely in the silos and excludes air so that little rise of tem- 
perature is possible. It is generally dark brown and has a 
pungent and unpleasant smell, due chiefly to the presence of 
butyric acid. If immature crops such as maize are siloed, sour 
silage is likely to result. This will also happen if crops are 
siloed in wet weather. This type may also be produced if crops 
such as oats, which have been cut and allowed to remain in a 
damp condition, are used, or if rain falls and some rotting at 
the base of the stems occurs. In such cases the crop should be 
dried somewhat before being ensiled. 
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(5) Musty silage 

Musty silage is frequently found at the top of silos and at 
the sides if the silage has not been properly packed, due to the 
fact that owing to access of air normal fermentation cannot take 
place and moulds cx)nsequently develop. This gives the silage a 
musty or ammoniacal smell which makes it distasteful to stock. 
If crops such as oats or maize have become over-maturt‘d before 
being cut for silage they should be ensiled at once and not 
allowed to dry further in the field or there will he a danger of 
musty silage being produced. 

Types of Silo 

Various types of silo may be used, depending on local con- 
ditions, The best type is the tall cylindrical tower which ma\ 
be made of wood, concrete, or bricks, and should be constructed 
so that the walls are air tight, smooth and perpendicular, in 
order that the fodder as it is placed in the tower can settle down 
into a compact mass. Tlie silo should be provided with a roof 
and a window, and a series of doors from top to bottom which 
can be opened so as to permit workers to pack or renwve tlie 
silage at different levels. When the silo is to be filled, the fodder 
should be cut up in a chaffing machine on tfie ground, and 
then blown up a chute to the top where it falls througfi a distri- 
butor so as to ensure even packing. A worker must be in the 
tower to place the fodder evenly and compactly all round the 
circumference in such a way that as it settles no air spaces are 
left. If the fodder used is too dry for it to be closely and evenly 
packed, water should be added in sufficient quantity to enable 
this to be done. The top layers should be carefully tramped 
down before the roof is finally put on. Good silage may be 
obtained by this method, and although there will be a certain 
amount of spoilage at the top, the loss in a 30-foot deep silo 
should not usually be greater than about xo per cent for well 
prepared maize or oat silage, if proper methods have been 
adopted. 

The size of the silo will depend on the amount of fodder 
usually available, and the number of animals to be fed from it, 
but its height and diameter should be so designed that from a 
to 4 inches of silage are removed daily according to the season. 
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Silo pits at Coleyana Estate, W. Punjab 
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more being necessary in hot weather than in cool owing to spoil- 
age, which may occur by daily removal of small amounts in hot 
weather. Morrison [1936] gives the following data as a guide. 
Two inches in depth of ordinary mai2:e silage weigh alx>ut 5 
pounds per surface square foot near the top of the siio, and 7 
pounds near the bottom, averaging about 6.5 pounds in a silo 
filled to a depth of 30 feet. To use 2 inches daily from the 
surface, approximately the following amounts must be fed from 
silos of various diameter: Diameter 10 feet, 510 pounds silage; 
1 1 feet, 615 pounds ; 12 feet, 735 pounds ; 14 feet, 1,000 pounds ; 
1 6 feet, 1,300 pounds; 18 feet, 1,655 pounds; 20 feet, 2,045 
poamds ; 22 feet, 2,470 pounds ; 24 feet, 2,940 pounds ; 26 feet, 
3450 pounds. The following table show’s the approximate capa- 
city of silos of different depth and width when the silage has 
settled down for a month : — 

CAPACITT AFTER SILAGE HAS SETTLED DOWN FOR 
ONE MONTH OR MORE 

Depth of silage in feet 

8 10 12 14 16 18 20 22 24 26 28 30 

II 14 17 20 23 26 29 33 36 30 43 46 

16 20 24 29 33 38 42 47 52 56 61 66 

21 27 33 39 45 51 58 64 70 77 83 90 

28 35 43 51 59 67 75 84 92 100 109 ri8 

35 44 54 64 75 85 95 106 1 16 127 138 148 

43 55 87 80 92 105 1 18 130 144 157 170 184 


A cheaper form of silo (Plate XXIV), more suitable for 
India, may be made by digging a cylindrical pit in the ground 
comparable in some ways with the above-ground silo tower. 
The dimensions of the pit will be governed partly by the nature 
of the soil, but the above calculations -will serve as a guide . 
Where the sub soil w^ter is very low, the silo may be 15 feet 
deep if the soil around the surface is banked up and kept dry. 
The loss from such a silo is naturally greater than from a tower 
silo. 

The writer has used kachcha silos 6 feet and 8 feet in 
diameter and 12 feet in depth, and a pukka cement silo of the 
same type with a sloping floor at the bottom, throu^ which a 
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pipe passes to allow seepage to escape into a chamber under- 
neath, access to \^hich is gained by means of a sloping stair- 
way, These silos when filled, held from 125 to 150 maunds of 
green fodder. Experience proved the necessity of extremely 
careful packing and the necessity of some form of lining to a 
kachcha pit silo to prevent silage at the circumference from 
becoming spoiled. This disadvantage was absent in the cement 
pit, but a cheap lining can be made by cementing the sides of 
the silo with a good clay made into a cement by the addition of 
sodium carbonate. 

Imperial Chemical Industries, London, have recently pub- 
lished an excellent little booklet dealing exhaustively with 
silage, which is available from the Company’s branches in India. 
Whilst the general principles of making silage are much the same 
in all countries the practical details necessary in India will 
depend on climatic and soil conditions. In India the most suit- 
able and practicable form of silo is undoubtedly the ground silo. 
It is also cheaper to construct It merely consists of a properly 
prepared cylindrical pit in the ground of approximately the 
abovementioned dimensions, and tfie top may be constructed so 
as to project somewhat above the surface of the ground. This 
will afford protection from surface water draining into the 
pit. The photographs show a series of such simple silo pits con- 
structed at the Goleyana Estate, Okara (Punjab). 

Crops suitable for silage 

Forage crops vary in their suitability for silage, and the best 
for Indian conditions is perhaps maize, although the author 
has made very satisfactory silage from berseem, juar and oats, 
and also from shisham leaves as an experimental famine fodder. 
Good pasture grass may also be made into silage when hay 
making conditions are not satisfactory, preferably mbced with 
other fodder crops, although it is not usually grown for that 
purpose. The sweet sorghums and grain sorghums, or a mixture 
of oats and beans in the proportion of two of oats to one of 
beans, makes an excellent and nutritious silage. Conditions 
vary so much in different parts of the country that no fixed 
rule can be laid down and the purpose for which the silage is 
needed will govern the type of crop used. 

When siloed alone, the legumes are not as satisfactory as 
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maize and the small grain crops, because they contain but little 
carbohydrates. This diminishes the intensity of acid fermenta- 
tion, although this defect may be overcome to some degree by 
allowing them to wilt before siloing, or by mixing them with 
forage of higher sugar content. 

The best time to cut maize and oats and the sorghums for 
silage is at the milk or flowering stage before much fibre has 
developed, 

A.LV^ silage 

A special type of silage has been developed by A. L Vir- 
tanen of Finland (hence A. I. V. silage) by wliich the degree 
of fermentation and breaking down of nitrogenous compounds is 
said to be considerably reduced. The essential feature of this 
method is the spraying of successive layers of silage as they are 
placed in position in the silo with dilute hydrochloric or sul- 
phuric acid, which helps to prevent the growth of undesirable 
bacteria or moulds. It is necessary to drain off the seepage 
some days after filling the silo and a certain amount of calcium 
carbonate should be added to the fodder when used for feeding 
to neutralise any unpalatable effects of the acid. Another 
method sometimes employed to increase acidity is to spray the 
fodder as it is filled in with molasses, which assists in the pro- 
duction of acetic acid. 


Silage for Stock 

The feeding value of silage will depend on the nature of the 
materials from which it is made, and the manner in which it 
is made, but good silage has certain desirable qualities quite apart 
from its nutrient content, and retains its vitamin A content 
better than hay. It is very palatable and stock will usually eat 
more roughage when fed silage and roughage than when fed 
dry roughage alone; this may make a considerable saving in 
the amount of concentrates needed. A certain amount of the 
hay or roots of rations may be replaced by silage. 

Woodman [1925-26] has carried out some trials with green 
fodders and the corresponding hay and silage made from them,, 
and he has recorded that the total digestible nutrients in 100 
pounds of green oats, oat hay and oat silage, were 9.14 pounds^ 
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50.71 pounds and 14,87 pounds respectively. Corresponding 
figures from some preliminary trials at Lyallpur have shown that 
100 pounds of green oats, oat hay and oat silage contained 10.04 
pounds, 50.98 pounds and 14.35 po'^nds respectively of total 
digestible nutrients- On the basis of these data one pound of 
hay is approximately equivalent in digestible nutrients to from 
two to three pounds of silage, or in round figures a hundred 
pound of silage is equal to thirty-four pounds of hay. In the 
case of silage from mixed crops the proportion is approximately 
one hundred pounds of silage to forty pounds of hay. 

It is difficult to say how far silage can be substituted for 
roots. Silage on a dry basis is fairly rich in protein, and com- 
parable with the fodder from which it was produced, whereas 
roots are non-protein feeding stuffs and consist of little more 
than a solution of carbohydrates and salts in water. On the 
other hand, roots contain little or no fibre, and hence, calculated 
on a dry basis they contain more total digestible nutrients 
than silage, and they arc also more digestible. Hence if roots 
are entirely replaced by silage the ration will, when calculated 
on a dry basis, contain too much dry matter and insufficient 
total digestible nutrients ; therefore the hay part of the ration 
should be reduced somewhat to accommodate the extra crude 
fibre contained in the silage. 

Silage is not a complete substitute for either hay or roots, 
but if properly made there should not be great loss in nutrient 
content compared with the green fodder, and its digestibility^ 
should be not less than that of the green fodder from which it 
was made. 

Silage is chiefly used for feeding dairy cattle, especially milch 
cows, which will generally produce more milk on a ration con- 
sisting of concentrates wifli hay and silage than on concentrates 
and hay alone, unless the hay is high qu^itv legume hay. Silage 
is especially valuable if no green fodder is available and the 
roughage is of inferior quality. 

Morrison [1936] recommends the following as the amounts 
of silage which can safely be fed to various classes of stock as a 
part substitute for other parts of the rations: — 

Dairy cows 30 to 50 pounds for those in milk, with some- 
what less for dry cows ; dairy heifers 12 to 20 pounds ; beef breed- 
ing cows 30 to 50 poimds ; fattening 2-year old steers 25 to 30 
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pounds, at the beginning of the fattening period the allowance 
gradually decreasing until only 10 to 15 pounds are fed; fatten- 
ing calves from 10 to 20 pounds at the beginning of the period 
8 to 10 pounds or less at the latter part; brood mares and idle 
horses 15 to 30 pounds ; breeding ewes 2 pounds per lOO pounds 
live weight; and fattening lambs 1.5 to 3.0 pounds per 100 
pounds live weight, 

SPECIAL PREPARATION OF FEEDING STUFFS 

It is a vexed question with stockmen as to whether it will 
pay to incur the expense involved in special treatment of feed- 
ing stuffs, such as crushing, grinding, soaking or cooking. There 
may be circumstances in which feeding stuffs should be specially 
treated, but it is not correct to assume that such operations will 
necessarily save an animal unnecessary expenditure in energy,, 
which could be more profitably utilized for other* purposes. The 
operation of mastication gives a certain amount of exercise,, 
which is necessary, although grinding may be advisable for 
certain classes of stock such as sick animals, or, in the case of 
certain grains which may otherwise escape proper mastication. 
The value of special preparation will depend on the type of 
material and the type of animals to which it is fed. 

Grinding and crushing grains and seeds 

Grinding and crushing may be an advantage for young 
animals before their teeth are fully developed, or for old ones 
with imperfect teeth, or when the seeds are so hard that they can- 
not be thoroughly chewed. Hard grains such as flint maize, 
gram, peas, beans, wheat and cotton seeds should be ground or 
crushed before being fed. Calves will chew maize and oats 
fairly well up to about 8 months of age, after which it is advis- 
able to have them crushed. Pigs will masticate ordinary grains 
fairly well up to a certain age, but they usually do better on 
crushed grain, especially after the stage when they are being 
finally prepared for the market. 

Kellner [1908] has referred to the results of 18 senes of 
feeding trials carried out on 280 pigs in the U.S.A, over a period 
of ten years, in which ground maize was compared with whole 
maize, and the increases in weight recorded. 
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The tx>tai food consumed and the total iiicrease of live 
weight during this time were: — 

ib. ib. lb. 

Whole maize 46,736 Bran 22^590 Increase 13,828 

Giound maize 50,647 Bran 24,189 Increase J 5,891 

Thus in the whole maize and bran series, it took 501 pounds 
of food to produce 100 pounds increase in body weight, while 
only 471 pounds were necessary for the same increase with the 
ground maize, which shows that 6 per cent more maize would 
be needed if fed whole to produce the same result ; the cost of 
grinding also has to be taken into account in making the balance 
sheet. Pigs, which have become accustomed to ground grain 
may be upset if changed on to whole grain. Grinding appears to 
increase the palatability of grains, and animals will frequently 
eat more when crushed than when uncrushed. 

Grains and seeds should invariably be crushed or ground for 
dairy cows, but unless they are exceptionally hard, grinding is 
not necessary for sheep, which masticate their food more 
thoroughly than most animals. Horses and mules are usually 
given crushed grain although it is often a matter for debate 
whether this is really necessary. 

Kellner [1908] records trials in which 64.6 per cent of the 
dry matter of oats was digested when chopped hay was fed with 
whole oats, when the oats were crushed 68.6 per cent was digest- 
ed, and 72.7 per cent when the oats were fed coarsely ground. 
In other trials it was found that 5 to 16 pounds of oats could 
be saved per 1,000 pounds of grain by crushing. 

Linton ri927] has recorded trials conducted by him to ascer- 
tain the relative time horses take to consume whole and bruised 
oats respectively, and he found with 28 horses that 3 pounds of 
whole grain were consumed on an average in 17.3 minutes, and 
the bruised grain in 16. i minutes by the same horses. 

Another series of tests with horses and mules showed that 
12 horses ate 3 pounds of whole grain in 17.4 minutes, while 
n mules took an average of 19.1 minutes. The same horses 
eating 1.5 pounds of whole oats mixed with 1.5 pounds of bruised 
oats took 14.9 minutes to finish, while the mules took 17.4 
minutes, thus showing that bruised oats were consumed in less 
time than whole grain. These trials indicate that the bruised 
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oats were eaten raore quickly than the whole, and therefore were 
not so thoroughly masticated. Oats should always be ground 
for dairy cattle and pigs and the husks should be removed for 
young animals. 

Suddenly changing an animal over from crushed or ground 
grain to whole grain is likely to involve digestive disturbances 
and should therefore be avoided as far as possible. Crushed 
grains and meals absorb moisture readily and will not keep as 
well as the whole grain, and they should be prepared in small 
quantities at a time when actually needed. 

Soaking feeding stuffs 

Many small seeds and grains which cannot easily be ground,, 
and such gi'ains as hard maize, hard wheats and barley are 
improved if they are soaked for some time before feeding. Suffi- 
cient warm water should be added to soften the hard seed coat„ 
but not an excess to cause them to swell. 

Cottonseed, which has a hard outer shell, should always, 
be crushed and then soaked for some hours before feeding. It 
should then be mixed witli other concentrates in the form of a 
damp mash but not a slop. The benefits of soaking feeding stuffs 
are not as great as is sometimes thought. In feeding pigs there is 
a danger of considerable waste if the food is fed dry, and so it 
is generally fed wet, altliough dry feeding has been found to 
prepuce just as good results. Soaking grain for horses should 
be the exception rather than the rule, and in any case only 
very small quantities of soaked grain should be used,, as the 
ingestion of any considerable quantity is likely to lead to con- 
siderable fermentation in the digestive tract. Merely moisten- 
ing food may be useful to prevent waste of finely ground material 
and allow of better mixing, but it has no effect on digestibility. 


Cooking and Steaming Food 

Until comparatively recently, the idea was prevalent that 
cooked and steamed foods were good for animals, and even to- 
day many stockowners believe that it is an advantage to cook 
food. This idea, however, is becoming out of date. Cooked food' 
is the practice for human beings in order to make it more attrac- 
tive and palatable, but there is no valid reason why the practice 
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should be fallowed for animals, except in the case of sick 
animals, who could not otherwise be induced to eat, and for 
pigs, which sliould not be fed on such materials as raw potatoes. 
Cooking undoubtedly destroys bacteria, and causes starch grains 
to burst, and induces partial dextrinisation ; fats are also hydro- 
lysed to some extent, but the general effect is to render the food, 
particularly the proteins, less digestible. 

In the case of animals there should be no necessity to make 
the food appear attractive or palatable by cooking except in 
special circumstances. On the whole cooking is more likely to 
prove deleterious than otherwise. 

Ladd and Homberger [1885] have shown that cooking and 
steaming grain and roughage does not increase the digestibility 
of their protein but reduces it, while trials at Ohio [1936] have 
proved that cooking lucerne hay and maize for fattening cattle 
reduced the gains made by the animals, and the profits. 

Experiments have also been conducted in Ireland [1916] to 
ascertain the effect of cooking meals for pigs when fed over a 
•considerable period. Half the pigs employed in the trials were 
fed meal which had merely been damped, and half fed meal 
which had been boiled or steeped in boiling water. The trials 
revealed that the dry meal fed pigs invariably made greater 
gains in daily weights than the cooked meal fed pigs. 

Cooked feeds should not be given to horses. A horse coming 
in after work or exercise is likely to be attracted by the flavour 
and aroma of the cooked grain, and in consequence is liable to eat 
too fast and bolt the food without proper mastication and saliva- 
tion, with the result that proper digestion is impeded and fer- 
mentation may be set up with considerable production of gas, 
and gastric tympany may result. 

Malting and sprouting grain 

It has been claimed from time to time that if grain is malted 
and allowed to sprout, this has a beneficial effect on stock to 
which such grain is fed. The general consensus of foreign 
opinion is that such claims cannot be substantiated although 
there are many firm believers in it in India. Morrison [1936} 
has recorded the results of numerous trials which indicate that 
feeding grain, which has been allowed to sprout, does not re- 
sult either in increased production or saving of food. Beneficial 
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results are said to have been obtained by feeding sprouted oats 
to horses, but this may have been caused by the fact that when 
grain is allowed to gemiinate a considerable atnount of vitamin 
C is produced, and tliis in itself is an advantage. 

Cutting straw and grsen fodders 

Green succulent fodders, such as maize, are best fed to dairy 
cattle and other stock after having been chopped into small 
pieces of from one to two inches long, by a chaff cutter. This 
saves considerable waste and ensures a more even feed. The 
various straws should also be fed after being chaffed. Straw 
should be cut into small lengths of from one to one and a half 
inches in length for cattle, and somewhat longer for sheep. If 
fed to horses, straw should be cut into the same lengtiis as for 
cattle. Cutting straw’^ prevents waste by scattering in the 
mangers, and also makes mastication easier, and if the straw is 
mixed with the grain, helps to prevent the latter from being 
bolted too quickly by greedy animals and ensures the straw being 
eaten along with the rest of tlie ration. 

Gutting fodder does not increase its digestibility, but, on 
the other hand, if cut too finely it may be swallowed without 
proper mastication and cause colic. 

It is not necessary to cut hay for horses, which should always 
be provided with a certain amount of long hay to keep them 
occupied during idle hours in the stable. This should be given 
as an aftermath to the ration proper. Some people prefer not 
to cut straw, but to leave animals to select the finer leaves and 
stems at leisure, rather than compel them to eat the whole straw 
including the less digestible fibious stems. 

The storage of roots 

If root crops such as turnips iiave to be kept for any length 
of time they are best stored in pits or clamps. Clamps are made 
by preparing a long rectangular foundation somewhat higher 
than ground level, and then packing the roots on top as closely 
as possible until the required height of from 3 to 4 feet is reached. 
As each length is completed the roots are carefully covered 
with straw and then the whole clamp is closed with a roofing of 
earth having sufficient slope and compactness to keep out rain. 
When roots are stosed m this manner they continue to undergo 
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respiratory^ activityj which may continue for sometime; hence 
some ventilation is necessaiy. This may be provided by leaving; 
small holes at suitable distances apart in the earth roof with a 
clamp of straw projecting chimney-wise. These may then be 
closed in like the rest of the roof after appropriate inter\^als 
depending on local climatic conditions, 

if roots are stored in pits the above general principles hold 
good, but pits arc not as satisfactory as clamps, except in a very 
dry soil with a deep water table ; otherwise they may become 
damaged from a damp sub soil. 

Owing to the initial respiration which may continue for 
'vometime, some of the starch in- roots is converted by enzyme 
iind respiratory’' activity into sugar during storage. This action 
is diminished after a time as tissue oxygen becomes used up, and 
almost ceases when the roots are finally closed in. Roots should 
not usually be kept in store for a longer period than is needed 
for animals on the farm before the next crop is ready. 

Storage of bran 

Bran is very liable to be attacked by weevils and should be 
stored in loose heaps on the floors of properly constructed 
rooms and not packed in bags. As bran contains much of the 
germ of the wheat grain it is liable to absorb moisture and be- 
come rancid if kept in damp conditions. It should not be 
stored in larger quantities at a time than are needed for actual 
feeding. 

The storage of grains 

There are certain fundamental principles which should be 
observed in storing all types of grain if damage and deteriora- 
tion are to be averted. The individual grains are still alive, and 
respiratory activities, although slight, are still going on. There- 
fore, if grain is stored in large quantities in badly ventilated 
bams, a considerable amount of carbon dioxide may accumulate* 
Hence storage rooms should always be well ventilated. Grain 
should be dry when placed in store artd the softer varieties should 
be partially dried and must not contain too much moisture* 
When in store the grain must be kept dry. 

When cereals, and especially oats, are allowed to become 
damp they become musty and develop toxic properties. No 
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grain which has thus become damaged should be fed to animals. 
Horses are specially liable to suffer from indigestion and wasting 
if given such grain. 

All types of grain are liable to attack by insects^ '>uch as 
weevils. Strict cleanliness is therefore essential and bams should 
be thoroughly cleaned before the new crop is introduced, be- 
cause unsuitable barns and containers may harbour thes,e pests 
from one season to another. Holes in walls and -woodwork 
should be carefully filled in, and where necessary all wooden 
bins, containers, and the woodwork of tlie barn should be 
scrubbed with a strong solution of soda in hot water. 

Even under the best conditions stored grain ma\ become 
damp or infested with insects; hence it should be taken out 
whenever possible and spread in the sun occasionally, preferably 
after the monsoon has started, as this is the period when insects 
become most active. This will enable insects, or defective grain 
which may have become damaged to be periodically removed. 

The methods of storing grain will depend upon the tract in 
which it is stored, the class of people storing it, the type of grain 
w^hich is stored, and the purpose for which it is stored. 

Some of the more common methods employed are the fol- 
lowing: — 

(i) Earthen containers (Plate XXV, Fig. i). These are 
very common among the poorer classes and arc prepared as a 
rule by potters. They vary in shape and size and are used for 
storing grain, flour, pulses, jowar, rice and oilseeds in small 
quantities w^hich are needed for seed. The amount which is 
stored in such containers may vary from a few seers to over 
a maund. 

(ii) Earthern bins (Plate XXV, Fig. 2 ). Bim may also 
be of various designs and shapes. They may be (i) small 
cylindrical ones called bharoli in the Punjab, or large ones 
called hharola, (2) rectangular ones called kothi or (3) square 
ones called chauras. They are usually made of clay mixed m ith 
bhusa, and are finished off by being coated with a thin layer of 
cow dung. These storage utensils arc generally built on a plat- 
form inside the cultivators’ living quarters. They are provided 
with an opening at the top which can be closed with a lid, and 
a small side hole near the base through which grain can be re- 
moved. Kofhis are generally supported on mud supports and 



FEEDING OF FARM ANIMALS 


do not have an opening at the top, but have one in the front 
wall sufficiently large to enable a man to enter. The larger 
type of kothi may be divided into compartments for storing 
different types of grain. All types of gram such as wheat, nee 
and maize are stored in these containers, the amount varying 
from very small quantities, up to from lOO to 200 maunds, 
depending on whether grain is being stored for household pur- 
poses or for seed. 

Grain stored in such bins is liable to become badly attacked 
by insect pests particularly at the top and near the side opening 

(iii) Bamboo bins. Where bamboo is available it is often 
employed for constructing bins known as pan 00 (Plate XXVI, 
Pig. 1). These are made by matting together thin plaited 
strips of bamboo and may be either oval or cylindrical in shape 
with an open top and a hole at the bottom, and, like the earthen 
containers, are usually placed on a support inside the house. 
The top is closed with a lid which is then plastered over with 
mud. In spite of closing the top by mud or cow dung, insect 
pests invariably gain access to these containers and cause con- 
siderable damage. 

(iv) Bukhari. The bnkhari is a home-made device formed 
by fencing off a comer in the house by erecting two walls of 
wheat-straw, cotton sticks, or bricks and mud, perpendicular to 
two comer walls. Any surplus grain is then stored for future 
use. 

The methods so far described are chiefly employed by 
small cultivators and the poorer classes. Large scale farmen 
have to employ more commodious devices, the chief of which are 
as follows: — 

(i) Open heaps plate XXVI, Fig. 2). Grain may be 
stored in bulk in a heap in any convenient and suitable enclosure 
or godown which affords protection from the weather, and is the 
method common in many parts of the country. In some mar- 
kets, special godowns are constmeted whose walls are tarred 
to a height of 2 to feet from the ground, the walls and floon 
generally being pukka. Underground chambers may also be 
employed. Damage from insects may be considerable in grain 
stored in bulk. 

(ii) Gunny bags. Gunny bags are extensively used 
for storing grain of all kinds (Plate XXVII). When full 
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they are piled up in godowns, open sheds and verandahsj 
or even in the open, covered with tarpaulin. This is an unsatis- 
factory method of storage for any length of time, as the gram 
is exposed to attack by insects from all sides. Insects gam access 
through the interstices between the strands of the fibre, but in 
spite of this, the method is very popular owing to the ease with 
which the grain thus stored can be moved and transported. 

(ill) Kachclia khatti. The kachcha khatti is an under- 
ground pit with a narrow opening at the top, the walls and 
floor of which are plastered with mud and cow dung. It is 
very common in some districts of the Punjab, the United Pro- 
vinces and Central India, and after being filled with gram the 
mouth is closed and carefully plastered with mud. These re- 
ceptacles may hold up to 300 maunds and, although gram stored 
in them is considered to be comparatively immune from insect 
attack a certain amount of damage is generally caused at the 
bottom and along the walls on account of moisture. This con- 
stitutes one of the chief defects, as a certain amount of grain 
becomes spoiled and unfit for feeding purposes. Such bins can 
only be satisfactorily employed where the water table is very 
low. 

(iv) Various types of metal and concrete bins (Plate 
XXVIII Figs. I, 2) are also employed in different parts of the 
country. The metallic bins are made of iron sheets, and built in 
a series along the walls of storage chambers. Each bin is fitted 
with a separate lid. They are common on some larger estates 
and government farms, and their dimensions vary from 120 to 
250 cubic feet. Such bins are not insect-proof, and grain 
stored in them may suffer considerable damage. They possess, 
however, the advantage of being easily and efficiently fumigated 
cither when empty or full. 

Reinforced concrete bins are not very common, but are occa- 
sionally used for storing wheat and gram. They are cylindri- 
cal, rectangular or hexagonal in shape, and each is fitted with an 
exit hole at the bottom and a circular or square opening at the 
top, the latter being closed with an iron lid. Their dimensions 
may vary from 400 to over 4,000 cubic feet, but unless the lids 
fit perfectly, insect pests easily gain access through the top open- 
ing and the exit holes. One advantage of these is that they 
can easily be cleaned and disinfected before being filled, or if 
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the grain becomes infested while in storage, they can be cheaply- 
fumigated. 

Storage of maize 

When harvested, maize contains moisture vaiying Irom 12 
per cent to 20 per cent, which is a safe limit for storing. If 
it contains more than this amount, as it may if gathered before 
it is properly ripe, it is liable to be spoiled w'^hen stored in the 
shelled condition 

Maize is best stored in the ear as there is less likelihood of 
damage from fermentation, or by the ubiquitous weevil, the 
enemy of all stored grains and meals. Maize always shrinks 
somewhat on storing due to loss of moisture, the rate of shrink- 
age depending on the humidity^ of the atmosphere, but after 
attaining a level of about ro per cent to 12 per cent of moisture, 
further loss does not occur except in very dry conditions 

Ground maize, especially if it contains the germ, is liable 
to become rancid on being stored, and should not be kept longer 
than absolutely necessary, especially if it contains more than 12 
per cent water. Maize should not therefore be ground too long 
before being used. 

Storage of oilseed cakes and me ah 

Oilseed cakes and meals need special caic as they arc more 
liable than most feeding stuffs to suffer from bad storage condi- 
tions, especially lack of ventilation and damp For this reason 
larger quantities than are needed for comparatively short periods 
should not be kept in store, but consignments should be bought 
from the mills as and when required. It may be necessary some- 
times to store moderately large quantities and certain safe- 
guards should be undertaken to keep the cake in good condi- 
tion. In the first place every bag should be inspected before 
it is stored, and when bags are torn, or the cake is broken up 
to any extent, or is in a powdery condition, such bags should be 
kept separate from the rest. Tlie whole cakes in intact bags 
should then be stacked in such a way that access of air is possible. 
The bags should not be packed too close to walls, and if the 
store room has a concrete floor the bags should be raised from 
ground level by means of cross bars on which the bags are 
placed, as concrete is liable to sweat and the lower bags may 
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become musty on account of dampness. The bags should be 
placed in tiers of two, three or more bags in thickness, according 
to circumstances, with sufficient space between the tiers for 
periodic inspection. 

Meals need special care and frequent inspection if they 
are left for any length of time in large heaps. It is essential 
that cakes and meals should be absolutely dry when stored, and 
kept so. If any bags become wet they should be removed from 
the dry ones and the contents dried or used at once. Wet cake 
may prove toxic or even fatal to farm stock. Needless to say, 
all necessary precautions should be taken to keep down rats and 
mice, and this will be easier if proper spaces are left between the 
tiers. 
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CHAPTER VIII 


SOME HARMFUL FOODS 
AND 

FAMINE FODDERS 

There are many plants in India which are poisonous in 
varying degree when eaten by animals, although it is likely that 
some which are reported to be poisonous are not actually so, 

A poisonous plant is one which when eaten by animals 
causes varying degrees of indisposition, with narcotic or irritant 
symptoms which may have serious or fatal results, either very 
rapidly, or even after considerable time has elapsed, due to 
cumulative effects. 

These effects are brought about by poisonous substances 
actually present as such in the plant, or which may be liberated 
in the animal’s digestive tract as a result of chemical change. 

Many of these substances are highly toxic and constitute the 
essential principles in what are known as medicinal plants, and 
are used extensively in medicine, but from the animal’s or the 
stockman’s point of view they are merely poisonous. 

There is a very large number of such poisonous plants in 
India, and Chopra and Badhwar [1940] in a recent publication 
have given an extensive list of many of the better known ones 
reputed to have toxic properties, although, as they say, there 
are over 2,000 such plants known to exist in the country, but the 
majority have not yet been fully investigated nor their toxic 
principles determined. 

It is very difficult sometimes to differentiate clearly between a 
poisonous plant and one which is not, as some which may be 
harmless in certain circumstances of soil or climatic conditions 
may be toxic in others. There is no doubt, however, that poison- 
ous plants are very widely distributed, and that the losses in- 
curred by animals eating them are considerable. It is desirable 
therefore that the stockowner should know something of the 
extent to which some plants are actually poisonous, Le.^ capable 
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of producing indispositionj illness or death when eaten in suffi- 
ciently large quantities, 

CondJions in which poisoning occurs 

Many poisonous plants are shunned by animals on account 
of their pungent odour or disagreeable taste, which form a 
natural protection, as animals, as a rule, have an instinctive 
aversion to eating them. It is in times of fodder scarcity and 
actual famine, however, that the danger is great, for then animals 
will frequently eat anything green that they can find. 

Animals \ary considerably in their predilection for different 
types of plants, and some are more liable to danger from poison* 
ing than others. Sheep, for e^fample, have a special liking for 
the soft and succulent green parts of plants which make luxuriant 
growth, while cattle and horses will eat the coarser and larger 
plants more readily. Again certain individual animals will tend 
to seek out certain types of plants, while others of the same 
spexies will avoid them; similarly, the same animal may at 
certain times show partiality for a special plant and at others 
reject it. This phenomenon is particularly noticeable with sheep. 
Different species of animals may be differently affected by 
poisonous plants; some, such as pigs, may remain unharmed 
and be able to reject any dangerous or unpleasant plant eaten, 
while another type, such as the horse, may be harmed through its 
inability to do this 

The stockman should be on guard against poisonous material 
being introduced into the rations of his stock. Wheat screenings, 
for example, often contain a considerable admixture of weed 
seeds of different kinds which may be poisonous. Cereals may 
be contaminated by poisonous seeds such as the seeds of some of 
the Euphorbias, for example, Euphorbia dracunculoides^ which 
are liable to occur with grain of low quality, or poisonous 
material such as the Java bean may find its way into them. 

Another source of danger is the presence in cereals of broken 
or inferior grains damaged by harmful fungi, such as the ergot 
of rye, and the various fungi which attack cereals. Oil cakes 
and meals which have become damp are particularly liable to 
develop moulds and fungi, and these, although not necessarily 
toxic in themselves, pr^uce decomposition products in the 
foodstuffs. 
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Some fresh green plants may be toxic in the young condition 
but lose their toxicity when older and dry, as, for example, cer- 
tain members of the N. O. Ranunculaceae, or plants whose toxic 
principles consist of certain volatile oils. 

On the other hand, some plants such as the sorghums 
are harmless when actively growing under normal conditions, but 
develop poisonous properties under drought conditions when 
they become stunted and dry. It may happen also that sucii 
plants may not lose their toxic properties when dried, and may 
find their way into hay and be fed to stock in a form in whidi 
they are not readily detectable. 

It may not always be possible to pronounce an opinion on a 
fodder from chemical analysis. The author has frequently re- 
ceived samples of fodder for analysis alleged to have caused 
hydrocyanic acid poisoning, but no trace of the acid could be 
found. 

It is an almost general rule that plants w'hich are toxic in 
the wild state lose their toxicity under cultivated conditions. The 
gourds are an example, and, as is well known, cane, which is 
the cultivated offspring of the sorghums, is not toxic in any 
stages of its growth. The nature of the soil and the amount 
of moisture it contains, exert considerable influence on the toxi- 
city of plants, and a plant may be toxic in one part of the 
country but not in another. This susceptibility to environment 
is specially characteristic of the N. O. Solonaceae, and Dunstan 
[1906] has shown that Hyoscyamus muticus, grown in Egypt, 
may contain from two to three times as much hyoscyamine as the 
same species grown in India. Many plants, for example, Nerium 
odorum, are poisonous throughout, including roots, stems, 
leaves and flowers, while in others, such as Datura stramonium, 
only the seed may be toxic, or the leaves, as in the sorghums, 
while in others the root may be the most toxic part. 

Chemical nature of the toxic substances in plants 

Chopra and Badhwar (loc-cit) have classified the chemical 
constituents in plants responsible for poisoning into five main 
groups: — (i) The first consists of the class of bodies known as 
the alkaloids which have an intense physiological action and 
are very poisonous. They are responsible for the poisonous 
character of many fungi of the mushroom type, and the pungent 
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t>dour of many weeds. These properties protect animals to a 
large extent as they will avoid them, and fortunately they do 
not as a rule occur in the grasses, but they do occur in certain 
other natural orders of plants which are widely distributed. 
Typical examples are strychnine in Nux vomica (N. O. 
Loganiaceae) , aconitine from Aconitum of which there are 
-several species, e.g., Aconitum napellus (N. O. Ranunculaceae) , 
atropine and allied alkaloids from Atropa belladonu (N. O. 
Solonaceae), nicotine from tobacco (N. O. Solonaceae). and 
morphine from the poppy (N. O. Papaveraceae) . 

(2) The second class consists of the cyanogenetic glucosides, 
thus named from the fact that on hydrolysis they split up into 
a sugar (glucose), and hydrocyanic acid. A typical example is 
amygdalin which occurs in the bitter almond and cherry 
kernels. When fermentation sets in this is decomposed by the 
ferment emulsin contained in the almonds, as follows: — 

OsoHg.NO,, + 2 H ^0 CgHsCHO + HCN + 

imygdaiin benzaldehyde hydrocya- glucobe 

Die acid 

A similar reaction takes place in the digestive tract of animals. 

Other toxic glucosides occur in the Oleander family (Apocy- 
naceae) and Digitalis (Scrophulariaceae) . 

Another group of glucosides is the saponins which occur in 
at least 400 plants belonging to 50 different families, and are so 
named from the fact that when mixed with water they produce 
a soapy foam. When plants containing them are eaten by farm 
animals they cause vomiting and diarrhoea and haemolysis of 
the blood. Examples of plants containing saponins are the 
com cockle (N. O. Caryophyllaceae) and the soaproot of the 
lame natural order. 

(3; ITie third class consists of certain essential oils such 
as those occurring in the Eucalyptus or in Absinth, but cattle do 
not as a rule feed on plants containing toxic essential oils. 

(4) The fourth class is known as the toxalbumins which 
occur in the castor and croton seeds. These poisons cause 
considerable losses among livestock, although immunity may be 
developed if the seeds are continuously eaten in small quantities. 
This class chiefly affects the blood, causing disintegration of the 
haemoglobin of the red blood corpuscles. 
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(5) The last group consists of certain resins such as are 
found in wild members of the cucumber familyj and in the 
rhododendron familyj toxic oils such as croton oil^. and picro» 
toxin, a convulsant poison found in Anamirta cocculnSy a climb* 
ing shrub with poisonous berries found in many forests in India. 
Ail these resins are toxic to animals. 

Some of the more common types of poisonous plants and 
feeding stuffs which the stockman may meet will now be des- 
cribed, These may be dealt with under the followmg groups:— 

1. Plants and plant preparations, 

2. Seeds and cakes. 

3. Roots and tubers, 

4. Miscellaneous. 

Plants and Plant Preparations 
The Sorghums and Maize 

The sorghums and maize belong to the N. O. Gramineae^ 
which includes all the ordinary grazing grasses, and a consider* 
able number of the members of this family develop the gluco- 
side responsible for hydrocyanic acid poisoning. Very little is 
known about the incidence or extent of the glucoside in ordinary^ 
grasses, but the sorghums and maize are well known to contain 
it under certain unfavourable climatic conditions such as drought. 
It may occur also in very young plants, as well as in tlie more 
mature stunted plants. It is not known precisely what function 
the glucoside fulfils in the general plant economy, but as it 
generally occurs in conditions when nitrogen metabolism is dis- 
turbed or incomplete, it appears to play some intermediate part 
in the formation of proteins. The soil in itself does not appear 
to play an important role, but where soil nitrogen is deficient, or 
where nitrogen metabolism in the plant is interfered with, as 
may happen on highly saline soils, such conditions conduce to a 
higher glucoside content. 

The chief varieties of sorghum which are known to cause 
hydrocyanic acid poisoning are: Andropogon sorghum or Sor- 
ghum vulgar e (commonly known as juar) which is cultivated 
both as a cattle fodder and for human consumption, and 5 or- 
ghum halepevse, or Johnson grass, a tall perennial grass with 
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long rhizomes which is found throughout India. This is also 
known as bam in the Central Provinces, kola macha in Bengal,, 
and dadam in the N.W.F.P. 

These varieties, particularly the latter, have been responsible 
for considerable mortality among cattle in various parts of 
India. The hydrocyanic acid producing glucosides of very 
young succulent plants are particularly liable to cause fatal re- 
sults, As the plants mature the amount of hydrocyanic acid,, 
or rather the glucoside, decreases continuously until the flower- 
ing stage when little or none is found under normal conditions, 
[Ghose, 1919]. On the other hand, if normal development is~ 
arrested as described above either the diminution of the gluco- 
side does not take place, or fresh accumulations occur due to 
disturbed nitrogen metabolism, and a toxic condition is main- 
tained or established. When grown under ordinary normal con- 
ditions, the sorghums are a good source of fodder, but when nor- 
mal growth has been interrupted by drought, frost, trampling 
or otlier causes, hydrocyanic acid may develop to a point where 
the plant becomes toxic. 

If plants which contain the glucoside are thoroughly dried 
they are less liable to be harmful, and if siloed for a few weeks, 
even stunted and harmful fodders may safely be fed to cattle 
[Taylor, 1916]. 

The leaves of the sorghums contain the greater part of the 
glucoside present, and calculated on a dry basis a greater per- 
centage of the total than the roots and stems, 

Acharya [1933] has recorded observation on the diurnal varia- 
tion of the glucoside content in sorghum vulgar e in which he- 
finds that it is lowest in the morning, increasing up to midday, 
followed by a slow decline to evening, and a rapid decline during 
the night. Feeding in the early morning and late in the even- 
ing would therefore diminish the likelihood of poisoning in con- 
ditions where it might otherwise occur. 

Ordinary drying does not necessarily reduce the glucoside 
below lethal limits, and thorough heating in the sun is necessary 
for t^e hydrocvanic acid to become totally dispersed. 

Cases of poisoning from maize are not as common as from 
the sorghums, but a dry or stunted maize grown under drought 
conditions should not be given to farm stock. 

The symptoms of poisoning by cyanc^enetic plants consist of 
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uneasiness, lapid respiration, depression, stupor, convulsions, 
cyanosis of the mucous membranes, paralysis and ultnnateiy 
death. The entire process may require only a few minutes or 
may last considerably longer. Hydrocyanic acid is a rapidly 
acting poison and offers little opportunity for remedial treatment. 
Recent work has shown however, that if the victim can be 
reached in time a combination of sodium thiosulphate and 
sodium nitrite given intiaperitonially or intravenously by a 
veterinarian is an effective remedy. 

Deadly Nightshade, (Atropa belladona) 

The N. O. Solonaceae contains many examples of plants 
which are poisonous, e,g.^ the deadly nightshade is highly toxic 
to human beings, but much less so to horses, while pigs, sheep 
and goats are little affected. Large mminants are more likely 
to suffer than small ones which are but little affected. 

In slight cases of poisoning the symptoms are dilation of the 
pupils, nausea, general muscular weakness and inability to co- 
ordinate movements or to rise after having fallen, followed by 
coma. In more severe and fatal cases these symptoms are in- 
tensified and appear more quickly. Violent vomiting occurs and 
complete blindness may ensue, the pulse gradually weakens with 
a fall in temperature, and death is preceded by a short period 
of violent convulsions. 

The Lupins, (Lupinusj 

These plants which are common in gardens belong to the 
legume family and are very nutritious ; some species are harm- 
less, at least at some stage of growth, and are excellent for graz- 
ing animals ; others are dangerous at certain times, and some are 
toxic at all stages of growth. The most hamiful one found in 
India is the yellow lupin (L. cuteous)^ which has caused many 
deaths among sheep, though horses, cattle and pigs may also be 
affected. Sheep are particularly susceptible and may succumb 
rapidly, or a chronic form of poisoning known as Lupinosis may 
result, depending on the amount of poison ingested. In the 
acute form of the disease the sheep suddenly become ill, with 
acute cerebral congestion causing them to rush about, apparent- 
ly with no self-control and great irregularity of movement. 
Muscular spasms occur followed by exhaustion and death whicli 
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may result within an hour or less. In the chronic form of the 
disease considerable swelling of the head may appear as in the 
acute form, and severe digestive troubles which last for a con- 
siderable time, during which the sheep displays no appetite and 
appears to be in a semi-comatose condition. 

The amount of the alkaloid found in different plants varies 
considerably and not all are necessarily poisonous, and consider- 
able amounts of the fodder are usually required to produce toxic 
symptoms, although these may appear even after a single meal. 
All parts of the plant contain the alkaloid, and the toxicity of the 
whole plant increases considerably by the time the seed is 
ripe due to the excessive toxicity of the latter. Dr^dng does not 
remove the alkaloid, but if the plants arc cut before the pods 
are formed toxicity is very much less. 

If lupins are fed at all, the safest plan is to give only small 
quantities at a time as the effects are not cumulative. The 
toxicity may also vary considerably according to the soil on 
which the plants are grown, and various other indefinite climatic 
factors, and sometimes a very small quantity of lupin grown on 
one soil may suffice to kill a sheep, whereas a similar species 
grown on another may produce no ill effects. The toxic 
character of the lupins is due to alkaloids of a special group 
having the peculiarity that slight alterations in the chemical 
structure of the molecule may convert a very toxic alkaloid 
into a comparatively non-poisonous substance, and mce versa. 
These alterations are such that they may readily take place 
within the plant itself by the natural processes of plant chemis- 
tiy, w^hich may account for the great variations that occur in 
the toxicity of different plants. 

Sastry and co-workers [1942] have recently recorded the re- 
sults of some work in Madras on the use of the seeds of Lupinus 
angustifolius as cattle food and have summarised their finding*- 
as follows:— 

I . The alkaloidal content of the lupin seeds received from 
the Agricultural Research Station, Nanjanad, was 
found to be 0.1302 per cent. 

2 The alkaloid lupanine has been isolated from the seeds 
in yields varying from 1.5 to 2 gm. from 8 kilo- 
grammes of the material. 
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3. Debittered seeds fed to the goat did not produce any 

untoward symptoms. 

4. Seeds fed with the husk intact and without being 

debittered also did not produce any bad symptoms 
when given in quantities up to 12 ounces a day, 
but showed satiation on the 4th day after the feed 
was raised to i lb. a day. 

5. 25 to 50 milligrammes of the alkaloid, administered 

intravenously to does weisrhing about 10 to i *5 lb, 
caused a definite fall in the blood pressure, and a 
dose of 100 to it)0 milligrammes ( r| to 2^ fifrains) 
proved lethal and it is inferred that the alkaloid 
contained in 60 to 70 lb. or even more of the seeds 
would be required to prove lethal to a bullock 
weighing about 300 to 350 lb. 

6. The alkaloids of the seeds do not appear to pro- 

duce any cumulative effects. 

7. Debittering of the seeds does not appear to be neces- 

sary and they may, with safety, be fed raw (even 
with the husk intact) — ^powdered, crushed or in 
any edible form — ^to the extent of 3 lb. a day for a 
bullock with an average weight of about 300 lb — 
and in proportionately smaller quantities for smaller 
animals. 

The Thorn Apple. (Datura stramonium) 

The thorn apple has an unpleasant taste and aroma, and 
livestock usually avoid it, though it may sometimes find its way 
into hay and cause poisoning. Drying does not destroy the toxi- 
city which is due to the narcotic alkaloids, hyoscyamine and 
atropine. 

Rhododendron nilagiricum 

This is a large shrub found in the higher Himalayas and 
the Nilgiris where it is known as billi or pumaram. The leaves 
are poisonous to goats and ruminants, the symptoms produced 
being tympany and severe diarrhoea. If neglected, fatal re- 
sults ensue. 
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Ficm elmtio&y or the India rubber tree 

This is known as bor in Bengali. The yt>ung leaves of this 
tree are poisonous to most animals, producing profuse sweating, 
paralysis and ultimately death. 

Bambusa arundinaceae or Bamboo 

This is found all over India and is known as baits in Hindi 
and Bengali, mungil in Tamil, and veduru in Telugu. The young 
shoots form a common article of human diet all over India and 
the leaves and twigs are often used as animal fodder and 
are particularly relished by elephants. The stiff hairs or bristles 
on the sheaths of the shoots, however, are supposed to be rev 
ponsible for cases of poisoning, the symptoms of which develop 
slowly and may ultimately cause death. The active principle is 
not knemm and no curative treatment has yet been discovered. 

€Jroton tiglium 

This is known as jaypal in Bengali, jamal-gota in Hindi, 
nervedam in Tamil and n^palavitiu in Telugu. It is a small tree 
cultivated in manv parts of India, the seeds of which act as a 
powerful purgative and in large quantities produce acronarcotic 
poisoning which is usually fatal. 

Anamirata cocculus 

This is known as kakamari in Telugu and kakkaukillivirai in 
Tamil. It is a large climbing shrub with a rough bark, the 
berries of which when eaten by animals cause colic, nausea with 
tetanic convulsions, and ultimately death. The active principle 
is a substance known as picrotoxin. 

Crinum defixum 

This is a bulbous plant with succulent leaves found in swamps 
and on river banks in Madras and Bengal, and is known as 
sukdarshan in Bengali, kasar chettu in Telugu and visha mungil 
In Tamil. The flowers are large sessille, white and fragrant at 
night time. The bulbs, however, are poisonous to cattle and if 
eaten cause death in a short time through severe gastro-intes- 
tinal irritation, asphyxiation and heart failure. Affected animals 
show profuse salivation and stiffer from diarrhoea and conges- 
tion. In less acute cases breathing is laboured and is followed 
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by drousiness and stupor. In more severe poisoning respiration 
is difficult and death is very rapid. No remedial or antidotal 
measures have yet been discovered. 

Abrus precatorius 

Known as gaungchi in Hindi, gunch in Bengali, gurigmja irr 
Telugu and kundumani in Tamil. This is a beautiful climbing 
plant found all over India, of which there are three chief 
^^arieties : — 

r. Those with rose coloured dowers and red seeds having 
black eyes. 

2. Those with dark coloured flowers and black seeds: 

having white eyes. 

3. Those with white flowers and white seeds. 

'Ihe seeds contain a poisonous albuminous substance known 
as abrin which loses its activity on being boiled. If eaten in any 
quantity they are highly poisonous, producing symptoms of nar- 
cotic poisoning which may end fatally. The seeds are used in 
the criminal practise of sui poisoning, by being made into a 
paste and injected subcutaneously. 

Andrachne cor difolia, Vem. kurkni, gmgul or kukuli 

A small shrub found in the north-western Himalayas up to 
8,000 feet from the Indus to Nepal. The ^igs and leaves are 
said to have fatal results if eaten by cattle on an empty stomach 
early in the day. 

Avena fatua. The wild oat. Vern. kulgud^ gandal, jei, ganergely 
kasamm 

This is a plant which occurs as a weed amongst cereal crops 
in the plains and is .said to produce symptoms of poisoning among 
cattle. 

Buxus sempervireas. The box-wood tree. Vem. chikri^ 
papra^ paprang^ shamshad 

This is an evergreen shrub found in the Suliman or Salt 
Range of the north-western Himalayas. It thrives on calcareous 
soil and in sheltered places, and on alluvial deposits on the banks 
of streams. Goats browse on the leaves, but other animals will 
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not do so except in times of scarcity, and it is known to have 
produced fatal results in camels and cattle which eat it. 

Dapkfie oleoides. Vern. kutilal, skingy kagsari 

A small well branched shrub found in the western Himalayas 
from Garhwal to Murree. It is poisonous to cattle, producing 
violent diarrhoea, and camels will not eat it except when driven 
to do so by hunger. 

Euphorbia tmicalli. Milk hedge or milk bush. Vern. sc hud ^ sehur 

A small tree indigenous to Africa which has become naturalis- 
ed in the drier parts of Bengal, the Deccan, south India, and 
Ceylon. It is often cultivated for hedges. Goats and camels eat 
both the leaves and the bark, and while it is not strictly speak- 
ing poisonous, the juice causes great pain if it gets into the eyes. 

Kalanckoe spathulata. Vern. tatara, haiza-ka-pattay rugnru 

This is a succulent perennial plant generally found between 
1,000 and 4,000 feet in the lower Himalayan foothills, but near 
Simla may be found at higher levels. Goats occasionally eat 
it although it is poisonous to them, but cattle do not, as a rule, 
touch it. 

Ranunculus arvensis. Com butter cup. Vern. chambal 

This is a small, pale green annual plant, found in the foothills 
of the Himalayas from Kashmir to Kumaon, and in the north- 
western Punjab plains. Goats and sheep frequently eat it, al- 
though it produces in them symptoms of irritant poisoning. 

Sophora mollis. Himalayan laburnum. Vern. kwiy malariy kathi 

A small plant with pale green leaves five to ten inches long 
which often do not appear till the flowers are in bloom. It is 
found in tlie plains and lower hills in north-western India and is 
poisonous to cattle. Goats, however, appear to be immune. 

Taxus haccata. The Yew. Vern. hirmhiy tung, thunu 

The leaves of the yew, which is found in the temperate 
Himalayas, are often eaten by goats and sheep with impunity, 
although when dry they are highly poisonous to horses and 
cattle. 

R 
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Seeds and Cakes 
Paspalurn scrobiculatum 

In addition to the foregoing, there is an extremely large 
number of members of the N. O. Gramineae which are toxic 
in one form or other. An important example is the kodri plant, 
or Paspalurn kora, a wild variety of Paspalurn scrobiculatum. 
The latter is widely cultivated in India, especially in the United 
Provinces, the Central Provinces and the Bombay Presidency. 
In different provinces the plant is known as either kodra, kodri^ 
kodon^ kodiy or kodam. It is a simple millet which does well on 
poor soil for which reason it is widely cultivated. Several 
varieties are recognised by cattle owners and in the Bombay Pre- 
sidency in particular, two types called respectively, wholesome 
and unwholesome, are well known. The former has a small 
pale grain, while the latter has a deep brown seed-coat and is 
known as the black kodra. 

Although used for food by a very large number of people in 
India, the grain can by no means be considered a wholesome 
article of diet, and unless special precautions are taken it is liable 
to act as a narcotic poison both for human beings and animals. 

The grain, especially the husk and testa, is the only part of 
the plant which is poisonous, and the smaller grains are propor- 
tionately more toxic than the larger ones. For this reason they 
are generally carefully separated before the larger grain is 
used for food. 

Watt, in his Dictionaiy'- of Econom'c Products in India, re- 
cords the statement of Surgeon-Major Pyrie, “the outer coat or 
husk has a dark outline of a fungus-like character, on the in- 
ternal surface of which are a number of minute round cells con- 
taining dark sporules’^ and it is these which are the source of 
the poisonous principle. 

Boiling docs Hot entirely destroy it, but if the grain is kept 
for a number of years it becomes much less. The seed-coat 
should always be removed whether the seed is used for human 
beinf^s or for animals. 

The symptoms of kodan poisoning, which occur within two 
hours of the seed being fed to horses or cattle, are stiffness of 
various parts of the body with violent tremors of the voluntary 
muscles, difficulty in moving the limbs, extension of the neck, 
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protruding eyes, and laboured respiration. I'he animal is un- 
steady on its feet and when it falls down cannot get up again. 
Most cases end fatally unless treatment is quickly given. The 
nature of the poisonous principle is at present unknown. 

Cases of kodan poisoning are sometimes treated by homely 
remedies, such as an administration of ghee and pickles, or some 
other sour or acid food. 

Cattle and buffaloes readily eat the young leaves, and the 
straw is sometimes used as fodder, but animals should on no 
account be allowed to eat the crop when it is ripening. An in- 
teresting case of kodan poisoning is reported in the Indian 
Forester for 1934 on page 570, in which thirteen elephants who 
raided a cultivated field of Pas^palum scrobiculatmn in Madras 
died from its poisonous effects. 

Jjuva beans and Burma beam 

These beans should always be regarded with suspicion, parti- 
cularly the many coloured Java varieties which may be dark red, 
black, purple or mottled in colour, and have been found to 
yield as much as 9 grains of hydrocyanic acid per pound of 
beans, two pounds of which may be fatal to a bullock, assuming 
that 20 grains is the lethal dose. These beans seldom appear 
on the market, but the new Burma beans {Phaseolus lunatus) 
are a common feeding stuff for animals and may frequently con- 
tain appreciable quantities of the hydrocyanic glucoside, although 
much less than the Java variety, lire white Burma bean, how- 
ever, may be regarded as safe as it rarely contains more than a 
trace of the glucoside. 

It is never possible for the stockowner to know the extent 
of poisoning which Burma beans may cause as this depends pri- 
marily on the climatic conditions under which the crop was 
grown, and while a crop grown under favourable conditions of 
rainfall, etc., may be harmless, a similar crop grown under 
adverse conditions may be very much the reverse. 

Charlton [1928] has shown that the hydrocyanic acid con- 
tent is much more affected by adverse conditions than by the 
particular type of bean, and it may be very high. He has also 
found it impossible to reduce the hydrocyanic acid content by 
careful plant selection over a number of years, and as unfavour- 



^6o FEEDING OF FARM ANIMALS 

able seasons always occur at frequent intervals it is not likely 
that a hydrocyanic acid free strain can be evolved. 

Effects of storing the beans 

The quantity of hydrocyanic acid present in Burma beans 
depends on their age and on the method employed in storing 
them. Enzyme activity continues after the normal ripening pro- 
cess is complete;^ and when stored in hot damp climates this 
may cause a considerable increase in the hydrocyanic acid con- 
tent, although diminution will occur on removal of the beans to 
colder localities. During storage the amount of hydrocyanic 
acid which can be extracted by hot water, the glucosidal 
hydrocyanic acid (as distinct from the enzymic hydrocyanic acid 
which may be liberated continuously by the activity of enzymes 
in the seed), increases to a maximum during the first year of 
storage, and then decreases to almost nil in a good sample. On 
the other hand, the total hydrocyanic acid content increases 
after being stored for a year, and remains high for some years 
afterwards. 

As the stockowner is primarily concerned with the total 
hydrocyanic acid potentialities of the beans, and as the enzymic 
and glucosidal moieties may vary considerably in relative 
amounts, he should always take care in studying an analysis to 
be sure how much hydrocyanic acid is glucosidal or removable 
by hot water, and how much is enzymic, or liable to be continu- 
ously produced. It is advisable, however, to avoid the beans 
altogether unless he has reasonable grounds for believing them 
to be safe. 

Th 4 Linseed plant and Linseed cake 

The flax plant {Linum usitatissimum) from which linseed is 
produced contains a cyanogenetic glucoside, linamarin, which 
is present in the leaves and the seed, the latter generally contain- 
ing about 1.75 grains per pound. 

This glucoside develops to a maximum very early in the 
plant’s growth and disappears entirely later on, persisting only 
in the seed. It is thus dangerous for cattle to eat the immature 
or wilted plants. 

^ Before the cake is fed to animals, it should be treated with 
boiling water in order to destroy the enzyme which liberates the 
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hydrocyanic acid from the glucoside. The cake should 7iot 
merely be soaked in cold water and left till feeding time as this 
will merely increase the production of hydrocyanic acid by in- 
creased enzyme activity. The hydrochloric acid of the gastric 
juice is libei'ated gradually in the stomach and the increasing 
acidity tends to slow down the production of the poison. Hydro- 
cyanic acid is not a cumulative poison and it is both quickK 
absorbed into, and quickly eliminated from, the system; there- 
fore, assuming an average glucoside content of 1.75 grains per 
pound, a bullock would need to eat ii lb. to acquire a lethal 
dose. Hence, before the animal could eat this quantity (an 
amount far beyond that which would be fed) any effects of 
the gradual production of hydrocyanic acid would be eliminated. 
Hence, with a ration containing from 4 to 6 lb. of linseed cake 
for horses, bullocks, or fully grown cows there should be little 
danger. 

In feeding calves, however, it is sometimes the practice to 
mix wann water with the cake before feeding. This facilitates 
the production of hydrocyanic acid, and, as the calves eat, 
weight for weight, considerably more cake than a fully grown 
animal, there may be considerable danger if the cake is pre- 
pared in this manner. A safe plan for calves and young stock 
is alw'ays to scald the cake well with boiling water before feed- 
ing, and arrange for it to be eaten slowly and not bolted. 

Indian Mutter peas or Lathyius Peas, (Lathyrus sativus) 

There arc several species of Lathyrus, but khasen dhal or 
the Indian mutter pea, is die one which causes most trouble in 
this country, and is responsible for much sickness both among 
human beings and animals. It is essentially a cold weather 
crop and is generally grown on land which is too poor for any 
other type of crop and may be sown broadcast. Tw^o types arc 
common in India: — a large variety growm on the dry wheat 
lands, and a smaller variety on the damp wet lands of Bengal 
and south India, It is cultivated principally for fodder, but as 
it is easily grown and very cheap it is also extensively used by 
the poorer classes especially in time of famine or scarcity. It 
is also used as an adulterant of the dhals from which it is diffi- 
cult to distinguish it. 

When human beings take it in their diet for any length of 
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timCj they are liable to suffer after an intervening period, which 
may amount to some months, from varying degrees of paralysis 
which are now considered to be caused by the presence in the 
peas of a volatile alkaloid or neurotoxin. 

Stockman [1917 — 1919] has given an interesting account of 
the symptoms of this disease which is known as Lathyrism ; ac- 
cording to tliis observer there is considerable pain, pricking and 
numbness, a diminution of tactile, heat and pain sensations, and 
cramp. The motor symptoms are the most conspicuous features 
however, the legs being particularly affected ; the gait is jerky 
and irregular and only small steps can be taken. The degree 
of these symptoms affords some measure of the extent of the 
disease. In slight cases the patient has to walk with the aid of 
a stick, then with increasing severity, with two sticks, and so on 
until finally he is only able to move about on his hands and feet 
in a sitting posture. These symptoms are caused by degenera- 
tive changes in the motor fibres and tlieir nerve cells in the nerv- 
ous system, caused by the neurotoxin. It has now been estab- 
lished by Mellanby [1934] that the responsible neuro toxin can 
only be effective in the absence of vitamin A, a matter of car- 
dinal importance to the stockman, as if his stock are fed with 
lathyrus peas plus plenty of green fodder or good legume hay, 
there is little danger of the disease developing. The fact that 
the alkaloid is volatile is also important, as it is unlikely to be 
present in well cooked grain or in thin pressed cake made at a 
high temperature, though in food cooked at lower temperatures 
such as dhal or curries, it may remain and produce the disease 
if such food is eaten for long periods. Furthermore, there is a 
great variation in the amount of the alkaloid present in differ- 
ent peas, and some varieties are more poisonous than others. 
The effects of the grain when fed to animals are similar to those 
produced in man. The horse is the most susceptible of all farm 
animals, and in cases of poisoning there is weakness of the 
lumbar muscles, and paralysis of the laryngeal nerves which 
causes the well-known roaring noise which is always a feature 
of horses suffering from lathyrism. Ultimately the animal finds 
great difficulty in breathing and death may supervene from dys- 
pnoea. 

Walker [1Q25] has stated, however, that he was unable to pro- 
duce toxic effects with experimental feeding of L. sativiu to 
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horses or with the vetch seeds separated from L. sativus. Swine 
fatter ed on the meal of the peas are reported to lose the use of 
their limbs and grow fat lying on the ground, whereas sheep are 
said not to be affected, and poultry will not as a rule eat the 
meal or the peas. Cattle are also said not to suffer any apparent 
harm from eathg Lathyrus [Watt, 1889]. These apparently 
conflicting results may be due to the fact that the animal body 
is able to store varying amounts of vitamin A, which may exert 
a modifying or inhibiting effect on the neurotoxin and Emit 
its capacity to produce symptoms of the disease. 

Mustard and rape seed and cakes 

Mustard and rape seeds contain glucosides which may cause 
poisoning if eaten by stock due to the liberation of volatile oils 
by tlie action of an enzyme. The cakes which are made from 
the seeds mav also contain the glucoside and produce chronic 
irritant poisoning and prostration if fed for any length of time. 
Mustard appears to be the more dangerous but if the cake h 
boiled or has boiling water mixed with the ground meal the 
enzymes arc destroyed and tire cakes rendered harmless. 

Castor seeds, (Riginus communis) 

Castor seeds are obta’ned from the plant known as Ricinus 
communis (N. O. Euphorbiaceae) and are liable to give rise to 
intense forms of poisoning. Castor oil is extracted from the 
seeds cither by one of the pressure methods, or the extraction 
method. In the former case the temperature attamed is insuffi- 
cient to destroy the poison in the seed, while in the latter case, 
owing to the high temperature employed, the poison is rendered 
' inactive. The cake obtained by pressure should never be used 
for an'mals, and owing to the chance of some poison still remain- 
ing in the extracted cake it is advisable not to use it either. Both 
cakes should be employed as manures only. 

There are many cases on record in which husks of the castor 
seed have been found in other rakes owing to the presses not 
having been properly cleaned after pressing castor seeds, and 
occasionally cereal or other grains may also be accidentally con- 
taminated. 

The adulteration with castor seed of ordinary oil seed cakes 
used for feeding may be detected by heating a small sample of 
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the cake with dilute acids and then alkalis and examining the 
residue, when any castor seed present will be conspicuous as 
small black flakes, which will show up against the rest of the 
cake which is light or brownish in colour. 

The poison is present in the endosperm and embryo of the 
seed, and not in the seed-coat or husk, but the fact that the 
seed-coat is present should be sufficient warning that the endo- 
sperm of the crushed seed is likely to be present also. 

Further confirmation of the presence of the poison may be 
obtained by various agglutination and precipitation tests. 

The poison present in the castor seed is Ricin which belongs 
to a class of very virulent vegetable toxins, of which Crotin found 
in the croton seed is another example. It is also very similar to 
certain bacterial toxins and has some features in common with 
snake venom. It differs from the latter however in being cap- 
able of being absorbed directly through the healthy alimentary 
epithelial cells, while snake venom is destroyed by the digestive 
juices 

Ricin is extremely pow'erful in its action and very small 
quantities are sufficient to cause fatal results, three grains being 
reported to be the fatal dose for man. The symptoms of poisoning 
after eating the castor seed or cake are not immediate. They 
are characterised by loss of appetite, abdominal pain and consti- 
pation, shivering and coldness of the extremities but wdth high 
temperature, and death may follow in a few days. 

Cotton seed 

Cotton seed cakes are coming into increasing prominence in 
India as feeding stuffs for stock but they cannot be fed with 
impunity to all kinds on account of a toxic substance which is 
present, known as gossypol. This is often present in appre- 
ciable quantities both in the cakes and the raw seed but the 
actual amount varies considerably according to climatic and 
soil conditions. 

When subjected to considerable heat this substance is con- 
verted into an oxidatioh product D. gossypol whose toxi- 
city is considerably less, so that in the ordinary cooking processes 
during the production of oil from cotton seed, aiKi in the expeller 
process, much of the original toxicity is lost. It is not entirely 
removed however, and ordinary cotton seed cakes and meak 
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cannot be fed to swine which aire particularly susceptible, but if 
the meal or cake is subjected to steam heat under pressuic the 
toxin is completely destroyed and the cake or meal may be fed 
to all classes of stock. Animals which suffer from this form 
of poisoning become lame, are irregular in their movements, and 
suffer from ocular discharges which may often result in blind- 
ness and death. Different species of animals vary widely in 
their susceptibility, pigs being most affected, while catiie do not 
appear to suffer at all even after taking large amounts of cake 
or seed for long periods. In the feeding trials with experimental 
animals at Lyallpiir, cotton seed cake and whole cotton seeds 
have been fed for many months to heifers, milch cows, and 
buffaloes with no ill effects. 

Milch cows of 800 lb. weight and giving an average of 20 
lb. of milk a day have been fed with raw cotton seed at rates 
varying from 2 to 6 lb. per head per day with no deleterious 
effects whatsoever either on the animals or the milk yields. 
Buffaloes of 1,200 lb. and giving 24 lb. of milk a day have also 
been fed as much as 8-10 lb. of cotton seed per day with no ill 
effects, and working bullocks up to 4 lb. per head per day with 
no ill effects. 

It is inadvisable, however, to feed calves younger tlian four 
months more than small amounts, as they are more susceptible 
than adult cattle. Horses and sheep are more susceptible than 
cattle and may be affected by much smaller amounts than arc 
the latter. Poultry appear not to be affected, but even the best 
prepared cakes from the mills produce toxic effects with swine, 
and no cake should be fed to them unless it has been thoroughly 
steam heated. 

Various explanations liave been put forward as to the nature 
of the harmful effects w'hich are pioduced by gossypol. 

According to Withers and Ganreeth [1915-1918] the harm- 
ful effects of gossypol are due to its withdrawing the iron from 
the haemoglobin of the blood. He attempted to remedy this 
by adding ferric sulphate to the cake fed to pigs and also a 
copper-iron mixture (described in Chapter XIV) with some bene- 
ficial effect, but the pigs still died under this treatment. 

On the other hand M’Gowan and Crichton [1924] dispute 
this explanation and state that: —‘'Cotton seed meal injury or 
poisoning in pigs in all probability^’ is not due to a toxic sub- 
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stance in the cotton seed meal. The same condition can be 
brought about by feeding pigs on other substances concerning 
which there is no suspicion of toxicity. In all prob- 
ability cotton seed injury is brought about by feeding young 
pigSj which have already suffered as sucklings to a greater or 
lesser extent from iron deficiency, on an incomplete diet. The 
incompleteness of the diet would appear to be a general one 
and not having specific reference to the absence of vitamins. 
Iron in tlie shape of ferric oxide would appear to have a specially 
beneficial effect in preventing symptoms from arising.” 

Hence scientific opinion differs, and it may be that after all, 
the toxic effects are produced in part by a vitamin deficiency 
acting in conjunction with the toxic gossypol. 

The point of practical importance to the stockman however, 
is that he should avoid cotton seed cakes or meals which have 
not been steam heated for pigs, and feed calves only small 
amounts of the ordinary market cakes and be sparing in the 
amount fed to horses. 

An alleged harmful effect of a different type is that which 
is stated to be caused to cattle which are fed any considerable 
quantity of the fuzzy or linted American cotton seed cakes now 
abundant in India. Considerable prejudice has arisen because 
the lint is supposed to cause mechanical obstruction in the 
animaFs intestinal tract and cause harmful results. The autlior 
and Dharmani [1937] have shown, however, as a result of extern 
sive trials at Ly allpur that there is no foundation for this pre- 
judice, and that the feeding of considerable amounts of the 
fuzzy seeds and cake over extended periods produces no ill effects 
whatever on this account. 

The Corn Cockle. (Agrostemma lychnis githago) 

The corn cockle is a very common weed in wheat fields in 
some countries but is not extensively found in India, and altliough 
the green plant is generally harmless to animals, the seeds are 
highly toxic. They may find their way into threshed wheat if 
the latter has been imperfectly cleaned, and they are also likely 
to be present in wheat screenings, and mixed with inferior grains. 

The seeds of the com cockle are rather large, and often diffi- 
cult to separate on account of the numerous small spikelets pro- 
jecting from the surface. They are dark in colour, and when 
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ground with wheat for flour may impart a dull brown colour to 
the latter and an unpleasant odour to bread made from it. Sucli 
bread should not be regai'ded as fit for human consumption^ as. 
the toxic substance present is not destroyed by heat. 

When the corn cockle is mixed with feeding stuffs it is likely 
to cause sickness or death to animals eating it, although different 
animals respond differently. 

Long [ipiy], quoting the findings of Cornevin on experiments, 
with pigs, calves, dogs and poultry gives the following amounts, 
of corn cockle which will produce fatal results in tliese animals: 


Calf 

Pig 

Dog 

Fowl 


0.25 lb. 

0. 1 o lb. ' I"* * 4. 

„ per 100 lb. live weight. 

O.QO lb. ^ 

0.25 lb. ' 


and quoting further from the studies made by Pesch states: — 


* 'Under certain conditions corn cockle is injurious to domes- 
tic animals. The amount of the poisonous substance in the seed 
is variable, depending probably on the season and the soil. 
Animals become accustomed to it so that amounts of the seed,, 
which at first cause sickness, later have no injurious effects. The- 
susceptibility to the poison varies both with the species and the 
individual. Young animals are more readily affected than older 
ones. It is believed that rodents and sheep are not susccotible, 
and, as far as is known, grown cattle are only slightly affected 
by the poison. Calves, swine, horses and especially dogs are- 
more or less susceptible. Concerning birds and fowls there is 
some doubt. Although animals are reported to become tolerant 
of the poison if the cockle is taken in only small regular doses, 
^^t there appears to be a chronic form of poisoning due to this 
caux and termed Gith agism, while there is an acute form of 
poisoning due to the ingestion of large ouantities of the seed 
which may cause death in 24 hours or less’’. 

The balance of evidence is therefore to the effect that the 
com cockle is definitely dangerous if taken in more than very 
small quantities, and the best gi^ard against it is to prevent 
animals grazing in fields where it is present and to see that 
their pnain is properly cleaned. The poison responsible is the- 
glucoside saponin. The vegetative portion of tlie cockle plant 
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may contain bmail quantiticb of saponin but it occurs in large 
^quantities — up to nearly 7 per cent in the seed. 

The chronic fonn of poisoning is rarely found in animals 
except, perhaps, in the pig, and is characterised by diarrhoea, 
a general wasting and decline in strength, and nervous irritation 

Long [loc, at.) describes the symptoms, as recorded by Come- 
vin, for horses, cattle and pigs as follows: — 

‘Tn the horse if a small quantity only is taken there is yawn- 
ing, heavy colic, stamping and evacuation of rather soft faeces. 
If larger quantities are taken the symptoms which commence in 
.about an hour are salivation, frequent yawnings and burning of 
the head, colic, pale mucus, hurried and w^eak pulse, a rise in 
temperature and accelerated respiration. Sorhe time later there 
are muscular tremors, succeeded by pronounced rigidity, and 
the faeces are diarrhoeic and foetid. TTie animal lies down and 
"getting up is painful, it falls into a kind of coma, stretches itself 
to the utmost and death takes place without convulsions.” 

'Tn cattle the symptoms observed one hour after eating are 
restlessness, salivation and grinding of the teeth. Excitement 
and colic are followed sometimes by coughing, this state lasting 
from five to eight hours. There is then a period of coma, 
characterised by permanent decubitis, repeated foetid diarrhoea, 
hurried and plaintive respiration, accelerated and gradually 
"weakening pulse, a gradual loss of sensory or motor powers and 
.a progressive decline in temperature. Death occurs in 24 hours.” 

“In the case of pigs the animal grunts, lies down and re- 
mains thus with its snout in the straw. There is vomiting, more 
or less violent colic and diarrhoea, the evacuation consisting of 
1 >ad-smening spumous faecal matter. At times there are colonic 
contractions. Young pigs are most susceptible”. 


Roots and Tubers 
Potatoes. (SoLANUM tuberosum) 

Potatoes w^hich have become green and started to sprout 
^evelop a very toxic alkaloid known as solanine, not only in the 
haulm, the leaves and the flowers, but also in the peel. Such 
potatoes should always be thrown away and on no account be 
fed to stock of any kind. 
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The Oleanders, (Nerium odorum) 

Known as karber or kanei in Hindis alaii in Tamil and 
ganneni in Telugu. are cultivated plants with red or white 
flowers found in gardens throughout India. The roots irom 
which two bitter toxic substances have been isolated are highly 
poisonous to animals, and a poisonous substance of a resinous 
nature is also known to be contained in the leaves, bark and 
flowers. These substances are powerful nerve-depressants and 
heart poisons, and are found in greater quantity in the wild 
than in the cultivated varieties. 

Thevetia ncnifolia 

This is the Yellow or Bastard Oleander, and is commonly 
used in cases of criminal poisoning, particularly the seeds. It 
is known as pila-kaner in Hindi, pachai~alan in Tamil and 
pacha-gannci u in Telugu, and is a common bush or hedge plant 
in gardens throughout the plains of India. The milky juice is 
highly poisonous, and the seeds, in the kernel of which is a 
powerful acro-narcotic poison, are very bitter. If cattle eat them 
they die from violent purging and emesis. An active principle 
called vetine is considered to be the responsible agent. 

Tapioca, (M\nihot tjtilissima) 

This is known as maravalli in Tamil and mamchini in 
Malayalam. It is cultivated chiefly in Travancore in southi 
India, and its roots when properly prepared are a common 
article of diet for human beings and arc also sometimes given to 
cattle. The green tops are also used as cattle fodder. Fatal 
fjoisoning, however, may occur if the raw roots ai'e eaten. 

The roots of sweet varieties contain less than 0.005 per cent 
hydrocyanic acid and are harmless, but the roots of the bitter 
varieties may contain ten times this amount, and if eaten will 
produce hydrocyanic acid poisoning. 

Exposure to high temperature will generally render the roots 
harmless. 


Miscellaneous 

Fish Meal 

Some account has been given in Chapter VI of the distinction 
which must be drawn between good \vhitc fish meal and the 
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inferior variety of guano, which is only fit to be used as manure. 
Stockmen are continually advised to use fish meal for various 
classes of stock but should only buy guaranteed whitemeal which 
is made from the bones, tails and heads, with‘'^some white flesh, 
of white fish only, while the inferior type may be made from 
whole fish cT varying types, including fish offal. 

If the latter is fed to stock it invariably taints the produce, 
making it unpalatable and inferior in quality. Another feature 
is that the taint cannot be got rid of when once established, even 
after discontinuing the use of the food. Thus the flesh of the 
pig will remain tamted for months after being fed inferior fish 
meal, and the taint increases on cooking. 

Similarly, poultry thus fed will produce eggs which are 
tainted ; cows will produce milk with a fishy smell, and the 
butter produced from it will carry on the taint. 

While therefore, inferior fish meal cannot be said to be 
actually poisonous, it impairs the quality of the produce of 
animals fed on it in every way, and should on no account figure 
in the rations for any class of stock. 


Ergot. {Claviceps purpurea) 

Ergot is a fungus which attacks rye, barley and other cereals 
and is visible as a mass of dark brown or blackish dust covering 
the grain on the flowering heads. This dark mass consists of 
t^e mature sclerotia of the ergot, each minute sclerotium con- 
sisting of a horn shaped body which may vary considerably in 
size from the others. Some are small and some are large and 
much contamination may occur without being easily noticed. 

When grain infected by ergot is eaten by animals or man it 
cf'U‘'es a disease known as ergotism, the causative agent being an 
alkaloid known as ergotinine. 

This toxin causes certain degenerative changes in the central 
nervous system which manifest themselves particularly by con- 
traction of the blood vcs'-els. 

There are two types of the disease known as convulsive ergot- 
ism and gangrenous ergotism. The first form is the rarer of the 
two and is characterised by dullness or delirium due to contrac- 
tion of the cerebral blood vessels. 

In the second — the gangrenous form — the chief symptoms 
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are extreme pain in the various extremities of the body, such as 
the hoofs, eyes, ears and limbs, followed by a dry gangrenous 
condition due to failure of the blood supply. Owing to the uni- 
versal contraction of the blood vessels in the intestinal tract, 
nausea, vomiting and diarrhoea may ensue with general wasting 
of the whole body. 

The disease is generally found in the chronic form, and the 
degree of severity and the effects which follow, will naturally 
depend on the amount of ergot eaten. If only small quantities 
are taken nothing worse than mild digestive disturbances may 
occur. Abortion is said to be the result of ergot poisoning, 
although recovery^ generally occurs unless the disease develops 
into the gangrenous condition which is usually fatal. 

Until comparath^ly recently little was known either of the 
cause of, or cure for the disease, and it was generally treated by 
giving the affected animal emetics and sudorifics. The re- 
searches of Mellanby [locxit.) however, have thrown a new 
light on the outstanding conditions associated witli this disease. 
In the first place, all the symptoms of convulsive ergotism can 
be experimentally produced in dogs and rabbits by feeding them 
on a cereal diet deficient in vitamin A or carotene, without the 
presence of any ergot at all. The effect of such a diet causes 
degeneration in certain parts of the nervous system, which are 
considerably increased if ergot is introduced into the diet. Ergot- 
ism may therefore be said to be essentially a disease caused by 
a vitamin A deficient diet lacking in all the protective foods, and 
augmented by the presence of the toxin in rye infected by ergot. 

If, therefore, animals are fed on a ration which is deficient 
in carotene or vitamin A, and at the same time have access to 
infected rye, they are likely to develop the disease in an acute 
form. The stockowner can protect his stock by carefully exam- 
ining the pastures his stock feed on, or the fodder they obtain 
for the characteristic curved ergots, and, taking care that they 
do not get dirty or contaminated wheat screenings or grain, and 
to see that grain which may be contaminated is properly cleaned. 
It is possible that ergotism may be present in cattle without its 
being suspected, but any unusual blanching of the ears or extre- 
mities, or unusual nervous symptoms should give the stockowner 
a clue as to what is amiss. Once the disease is fully established 
and nervous degeneration set in, the disease is almost incurable. 
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but if taken in time it can be cured in some months by propei' 
feeding. 

Decomposed and mouldy foods 

Feeding stuffs are liable to undergo damage and deteriora- 
tion in certain circumstances, the conditions most favourable 
being heat and humidity, although damage from various other 
causes may occur in dry cold weather. 

If a feeding stuff is kept in a condition of refrigeration no 
decomposition can result because the low temperature inhibits 
the agencies responsible for it, but at ordinary or high tempera- 
tures with the assistance of moisture, these agencies come into 
operation. Firstly, all feeding stuffs are, to some degree, alive 
and contain what are known as intracellular enzymes or fer- 
ments which, according to the temperature, effect some degree 
of breakdown of the cellular tissue; for example, starches may 
be partially hydrolysed to sugar, proteins may be slightly digest- 
ed, and so forth. Secondly, all feeding stuffs are, by the ver}" 
nature of circumstances, infected to some degree by the spores 
of fungi, and when circumstances are favourable these 
spores develop into moulds. Two of the most common moulds 
found in feeding stuffs are the well known Aspergillus niger and 
Penicillium ; others are Botrytis and Oldium^ and mouldy cheese 
or bread are typical examples of the effect they produce. The 
third agency or group of agencies is constituted by the numer- 
ous and ubiquitous bacteria. Both moulds and bacteria belong 
to the lowest forms of life, and they derive the food they need 
from the hosts on which they happen to be. In the process of 
obtaining this food they cause a breakdown of the fats, carbohy- 
drates and proteins of the food, and decomposition products, 
which are responsible for the smell and nature of the changed 
food, result. These lowly organisms are not necessarily poison- 
ous in themselves or injurious to animals, but the products they 
produce are, and any feeding stuff which has become badly in- 
fected should not be used. 

Certain types of feeding stuffs are specially liable to damage 
from this cause when kept in damp conditions; oilseeds and 
cakes and other protein rich feeds are particularly dangerous, 
and Linton records cases of horses which had died as a re- 
sult of eating beans which had become mouldy. Under such 
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unfavourable conditions, poisonous products arc derived from 
the proteins, and from the oil which becomes rancid. 

The cereals arc specially liable to damage from these agencies 
under damp conditions, and when fed to stock, particularly 
liorses and sheep, may produce fatal results. Oats are perhaps 
more susceptible than other cereals, and horses have a greater 
record of sickness on this account than other stock. 

Only tlie best oilcakes should be purchased, as cake made 
from damaged seed, even if it shows no outward signs of de- 
composition, may be extremely dangerous. 

Some suggestions have been given in Chapter VII on precau- 
tions which should be taken to guard against damage to feeding 
stuffs, but the best one is never to feed anything which shows 
signs of mould or decay. 

Insects are a contributory cause, as grain damaged by them 
is more liable to suffer than whole grain, due to the more ready 
ingre‘Js of fungal spores and bacteria. 

yewly harvested grains 

If cattle or horses arc fed newly harv’ested grains after being 
accustomed to old grain, they may suffer from digestive distur- 
bances. New grain should therefore always be stored for a time 
before being used, although oven drying may prove to be bene- 
ficial if necessity demands its immediate use. 

Newly harv^ested oats are very likely to produce colic in 
iiorscs if fed in excess or as a sudden change over from old grain. 


FAMINE FODDERS 

Certain parts of India experience periodic droughts and 
famine when very little fodder is available for cattle and other 
animals in the areas affected. The parts of the country most 
likely to be affected by drought and famine are well-known arid 
tracts such as the Hissar district of the Punjab, parts of Sind and 
the Rajputana States, which are not served to any extensive 
degree by canal irrigation. Similar circumstances arise in other 
parts of India, for example, in the United Provinces, Bombay 
and the Central Provinces, when rainfall is deficient or fails to 
a major degree. In such conditions of drought and fodder 
scarcity the problem which confronts the zamindar is frequent-* 
s 
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ly not one of feeding hi? animals with a maintenance, still less 
a production ration, but of keeping them alive at all. He is 
thus confronted with the necessity of obtaining any fodders not 
normally eaten there mav be in the locality ; not always an 
easy problem. The method of dealing with such periodic short- 
ages of fodder appears to resolve itself into two lines of 
attack. Firstly, creating ixserves of fodder in those aixas which 
experience has shown arc most likely to suffer, and second- 
ly, caraiarking tiie leaves and twdgs of those species of trees, 
shrubs and plants which can be commandeered as a last resort 

Fodder Reserves 

The grazing conditions over a large part of India, even in 
the best of times, arc not such as will enable any large stocks 
of fodder to be accumulated as reserves. There are tracts, how- 
ever, in which this could conveniently be done, and it is bound 
up with the wider problem of curtailing the large numbers of 
non-descript animals which roam at large ovxr the country -^idc, 
and also with regional improvement of grazing conditions. 
These factors have been discussed in some detail by the author 
in a recent publication ‘Indian Grazing Conditions and the 
Mineral Contents of Some Indian Foddei's’ [Lander, 1942]. It 
is suggested, therefore, as a first step tovt^ards providing sup- 
plies of fodder during periods of drought that these two pro- 
blems must be tackled, and, along with them, reserve stocks of >- 
hay should be accumulated in good seasons. Hay can easily be 
kept for two years, and if a proper system were adopted there 
might at least be a moderate reserve of fodder always at hand. 
A second method which might be adopted where circumstances 
permit is the construction of silage reservoirs in famine areas. 
These could be built in the form of long silage pits, say, 3-4 feet 
deep, 6 feet wide and as long as necessary, and silage prepared 
of whatever surplus fodders may be available according to the 
description given in Chapter VII. 

The writer has described [Lander and Dharmani, 1924] some 
digestibility trials on Hissar bullocks witii fresh shisham leaves 
and pointed out that these could only be taken by the animals 
under trial in a limited quantity up to about 2 lb. per head per 
day^ owing to the disturbing effect which they had on the diges- 
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live system when fed in larRe quantities. He [Lander ajid 
Hharmani, 1927] has also described die value of siloed sliisharn 
leaves as a feeding stuff to Sahiwal cows and bullocks, and shown 
that siloed shisharn leaves alone do not constitute a maintenance 
ration, but that when shishorn leaves arc siloed with bhusa, or 
•siloed alone, and then fed with hhusa, a considerably improved 
ration is obtained. It is well known that animals which have 
heen habitually under-fed can subsist for a considerable period 
on a ration which would not be even a maintenance ration for 
better fed animals. It appeal’s therefore, that if shisham leaves 
are siloed alone, or still better, with a certain amount of hhusa, 
they might provide a valuable source of fodder in times of 
^emergency for cattle, which arc not ordinarily fed \vell balanced 
rations, and if sufficient of this material w’crc available a reason- 
able period of famine might be tided over. However, even if 
rescrv’cs of the common fodders, either as hay or as silage, have 
been established, and considerable amounts of shisham leaves arc 
available, either fresh or siloed, there would still be a demand 
for supplementary feeding stuffs. 

Til ere is a large number of trees and shrubs growing through- 
out the length and breadth of India, both in the plains and in 
the hills, which could be fed to animals for this purpose in time 
of famine. 

Watt, in his ^Dictionary of the Economic Products of India’, 
VoL III 1890 , gives a long list of hill and plains fodder trees 
and plants wffich are. eaten by cattle and could be u&ed as 
famine fodders. Laurie, Silviculturist of the Forest Research 
Institute, has also given a considerable list, in a short pamphlet 
entitled ‘Fodder Trees in India’, 1939 , the leaves and shoots of 
which can be eaten by cattle in times of scarciiy or other times. 
A list is also given in an article entitled ‘Some common fodder 
yielding trees in the Madras Presidency’, by S. N. Ghandra- 
shekhar lyycr and T. Venkataramana Reddy, published in the 
Indian Forester, VoL LXVIII, No. 8, p. 435, and No. 10, 
p. 536. Anotiicr list, containing more than 400 names of trees and 
plants which can be used as fodder, is given in a publication 
entitled ‘Fodder plants in Orissa’ by M. L. Sen Gupta, avail- 
able from tlie Superintendent, Government Press. Cuttack, 
Orissa (1942). 

The Monthly Bulletin of the Bangalore Dairy Cattle Society, 
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Vol. I, No. 10. October, 1942, also gives two lists comprising 
good and medium types of fodders, taken from the report of 
die Mysore Fodder and Grazing Committee. Space does not 
permit the reproduction of the details of the very large number 
of trees which are included in these lists, but some of the more 
common and useful ones are given below, with a few notes on 
those of particular importance, or more uniform distribution in 
India. 


Good Fodder Species 

Acacia arahica. Gum arabic tree. Vern. habuly kikai 

This is a common plant found in the Punjab, Bihar, the 
western part of the peninsula and in Ceylon. It is cultivated 
throughout the greater part of India, except in tlie moist humid 
regions on the coast, and the extreme north-west beyond Jhclum> 
It is one of the commonest plants of the Deccan, and covers 
most parts of Surat and Gujrat, the upper Godavari regions^ 
and is veiy abundant in the Shewan district of Sind. Although 
plentiful it is not indigenous to the Punjab or to Madras. 

The gum pods with tender shoots and leaves are fed to cattle,, 
sheep, goats and camels and are specially useful as a famine 
fodder. In ordinary seasons goats are largely fed upon the 
pods which may explain the rapidity with which the plant 
becomes diffused over the country, springing up self-sown on 
the banks of tanks, rubbish heaps and walls. It is remarkable 
that sheep and goats eat greedily a substance so rich in tannin. 

Artocarpus integrijolia. Jack-fruit tree. Vem. kaiithal, kathal^ 

panes 

This is a large tree cultivated throughout India and Burma, 
except in the north, and grows wild in the mountain forests of 
the western and eastern Ghats. It has dark coloured leaves 4 
to 8 inches long, smooth and shining above and rough beneath, 
which are considered to be fattening for cattle who greedily eat 
the rind of the ripe fruit. 

Bauhinia variegata. Vem. kachnar 

A moderate sized, deciduous tree, found in the sub-Himalayan 
tracts from the Indus eastwards and throughout the forests of 
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India and Burma. It is common cv€r\^\\hcrc and grows up to 
4,000 feet in altitude but prefers the low hills. It is also largely 
cultivated throughout the plains as an ornamental tree which is 
often completely covered with large purple and white flowers 
which appear in the beginning of the hot season. The leaves 
arc broad, being usually about 4 to 6 inches in length. The 
branches arc often lopped for fodder. 

Baiihinm pur pin ea. Vcm. koliai, koilari, sona 

This is a moderate sized deciduous tree found in tiie sub- 
Himalayan tract from the Indus eastward, in central and south 
India and in Burma. The leaves arc from 3 to 6 inches long, 
a little longer than broad, split to the middle into two halves, and 
are used as fodder for cattle. 

Cordia myxa. Vern. lasora, lasura, gordi 

A moderate sized deciduous tree met with in the Salt Range 
and the sub-Himalayan tract from the Chenab to Assam, ascend- 
ing to 5,000 feet. It is also found in the Khasia Hills, in 
Bengal, Burma, Sind and in western, central and south India. 
The leaves which arc 3 to 6 inches long by 2 to 4 inches broad 
are leathery and smooth above and below, except when young, 
and are used as a cattle fodder. 

Dalhergia latifoUa. Blackwood or rosewood of southern India. 

Vern. shisham^ sissu^ shisao 

This is a deciduous tree which attains a large .‘^ize in south 
India. It is also found in Oudh, eastern Bengal, Bihar, central 
India, the Deccan and the western Peninsula, and in the hills 
up to nearly 4,000 feet. It grows equally well in dry deciduous 
forests with teak, and in the moist evergreen sholas, and it is 
often associated with the bamboo. The leaves which arc 1-^3 
inches long are used as fodder. 

Bassia latifolia. Butter or mahua tree. Vern. mahua^ mahwa 

This is a large deciduous tree indigenous to the forests of the 
dcntral Provinces, and extends from Kangra, Kurnaon and Oudh 
through the Central Provinces and Chota Nagpur to the 
Western Ghats. In many parts of Bombay and Gujrat it forms 
scattered and isolated forests. It thrives on dry, stony ground, 
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and biieds it& leaves from Februarv^ lo April ; the cream coloured 
flowers, clustering near the ends of the branches, appear in 
March and April and are soon followed by new leaf buds. The 
fruit is sometimes eaten by human beings, but the principal edible 
parts arc tlie succulent ripe flowers which arc eaten cither raw 
or cooked. They afford both food and drink to a large num- 
ber of people for the greater part of the year. One tree may 
yield from 6 to 8 maunds of flovrcrs during the season. Cattle 
cat the lea\-cs, flowers, and fruit, and tiic llo^ver^ are said to be 
fattening. 

Eugenia iarnbolana. (SvzvGirM jambolanum). ’Tern, jamaiij 
jammmi, phaUnda 

A moderate sized tree, found wild or cultivated over the 
greater part of India from the Indus eastward, and in the 
extreme south of the Madras Presidency. It is found up to 
3,000 feet In the Punjab Plimalayas, and up to 5,000 feet in 
the Kumaon. Its smooth, shining leaves, '\vhirh are 3 to 6 
inches long, are often eaten by buffaloes. 

Ficus glomciata, Vern. gulai, lelka 

A large tree found in the Salt Range and in Rajputana, and 
along the sub-Himalayan tract as far as Bengal, also in central 
and south India and in Assam and Burma. The fruit is greed- 
ily eaten by cattle, and the leaves are collected as cattle and 
elephant fodder. 

jF. hispida. Vern. gobla, daduu^ hat giilaria 

A moderate sized tree or shrub, common tiiroughout the 
lower Himalayas from the Chenab eastward, ascending to 3,500 
feet in Bengal and in central and south India and Burma. The 
leaves which are 4 to 12 inches long arc lopped as fodder for 
cattle and elephants, 

F. injectoria. Vern. wan, jangli, pipal, pilkhan, palikh, khabar^ 
pakhar 

A large, widely spreading fast growing tree with leaves 3 to 
6 inches long, found in the Suliman and Salt Range, the outer 
Himalayas, the plains and hills of India, Bengal, Assam, Burma, 
central India and especially the western coast forests. It is a 
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cultivated tree and is rarely met with wild. The leaves make 
good elephant and cattle fodder. 

F. rdigiosa. Vern. pi pal, asvattha 

A large glabrous tree with leatliery shining broad !)ased long 
pointed leaves, about 3 to 4 inches long and a little less in 
breadth, found wild in the lower Himalayan forests, in Bengal 
and in central India. It is extensively ctiltivaled in most pro- 
vinces of India. The leaves and branches make a good elephant 
and buffalo fodder and arc extensively lopped for this purpose. 

Gmdina arhorea, Vem. kumbbai , giimhha), LiiniciK gambii^ 
siiL^an 

A large deciduous tree, met witli in tiie lower Himalayan 
tracts from the Ghenab eastward, and also tiirougiiuut India. 
The leaves v/hich have a leatheiy' yellow skin and arc 4-8 inches 
long and 3-6 inches broad, are used as fodder, and are much 
brow^sed by deer and wild animals. Cattle also cat the fruit. 

MtUa azedarach. The Margosa ti*ee. Vem. ncern. vepilai 

The neem tree is common to the moistcr parU of India, and 
is widely cultivated in those parts as a shade tree. The leaves 
arc bitter and arc generally collected for goats, !)ut cattle are 
not fond of them except in times of scarcity. 

^4o)us alba. White raulbery. Vetm. tut, tub chlmi, chun 

A deciduous, monoecious tree, cultivated in tlic Punjab, the 
north-west Himalayas, and in western Tibet. The leaves which 
are from 2 to 4 inches long, arc largely used lor feeding silk- 
worms, but are also considered to be an excellent cattle fodder. 

M, indica. Vern. tut, iutri 

This is a moderate sized, deciduous tree or shrub, found in 
the temperate and sub-tropical Himalayas fiorii Kashmir to 
Sikkim, and ascends to 7,000 feet. It is met witli wdld, and is 
cultivated in Bengal, Assam and Burma. In north India the 
tree is leafless during the winter, the new lea\es appearing about 
the middle of February, or even later in March or April. It 
Bowers in March and April and the fruit ripens in May .and 
June, or later at high elevations. The fruit is inferior to that 
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of M. alba and is used only in times of scarcity. The leaves 
are used for feeding silkworms and arc also useful as fodder. 

M, serrata. Vem. himu^ mmu^ shahtut^ karun^ kart-tul 

A large deciduous tree found in the north-west Himalayas 
between 2,500 and 9,000 feet. The twigs and leaves are exten- 
sively lopped for cattle fodder. 

Quercus dilataia. Vern, mom, tilanga, brain, banni 

This is a gregarious evergreen tree, with large smooth leaves, 
and sometimes attains a height of 80 feet. It is met with in 
the north-west Himalayas between 4,500 and 9,000 feet. The 
leaves and shoots are extensively lopped as fodder for sheep 
and goats. Unlopped forests are rare. 

(2. incana. The grey oak. Vem. banj, ban or ban 

A large gregarious, evergreen tree, found in the temperate 
Himalayas from the Indus to Nepal, generally between altitudes 
of 3,000 to 8,000 feet. It can also be grown on the Punjab 
plains, and is found in the Shan States of Upper Burma. In 
spring it becomes of a purplish colour, owing to the appearance 
of a fresh burst of soft tomentose leaves, which when young are 
pink and woolly, and when mature, dark green and smooth above 
and white or grey below. The acorns are greedily eaten by 
bears, which may account to some extent for the sparse natural 
reproduction of the tree in spite of its profuse seeding. The 
leaves are extensively lopped for cattle fodder in the hills. 

Sosbania aegyptiaca, Vem. jay anti, jait, jainter, sewri, shevari 

A soft short-lived wooded shrub found throughout India from 
the Himalayas, where it ascends to an altitude of 4,000 feet, to 
Ceylon and Siam. The leaves, which are about 3-6 inches long, 
and the young branches are lopped for fodder, which are readily 
eaten by cattle. 

Terminalia tomentosa. Vern. asumiy sein 

A large deciduous tree, which may attain a height of 80-100 
feet. It is common throughout the moister regions of India. 
It does not generally lose its leaves until February or March, 
or even as late as April, and is one of the latest trees in dry 
forests to come out^in fresh leaf. 'The leaves which are 4 to 8 
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inches long arc smooth above and woolly beneath, and are gen- 
erally lopped for cattle fodder, 

■ZKyphus jujtiba. Indian jujube. \'ern. bei, bacr, ben 

A small tree, both wild and extensively cultivated through- 
out India. The leaves which arc i to 4 inches long are nearly 
round, and are dark green and smooth above and grey and 
velvety beneath, and arc a good fodder for cattle and goats. 

nuinmidana. Vern. jha), heii 

A prickly shrub found in the Punjab up to 3,000 feet (though 
less common in the southern Punjab), in the N.W.F.P., »Sind 
and Baluchistan, also in Gujral and the western Peninsula. 
The fruit is small, round and sweet and is eaten by the poorer 
people especially in times of scarcity. The leaves are to i 
inch long, dark green and velvety above, pale and densely woolly 
beneath, and form a most valuable fodder for camels, goats, 
buflTalocs and cows. They arc highly esteemed in the sandy 
districts of Sind, the Punjab and Baluchistan, and are usually 
stored for winter use by allowing the cut branches to dry, beat- 
ing the leaves off and gathering them into heaps. They may be 
given to cattle alone, or with some form of chaff, straw or hhusa, 
and are supposed to be heating and to promote the secretion (A 
milk- 


Medium Fodder Species 

Acacia catechu, Vern. khair, kh air-babul, katha 

This is a moderate sized, deciduous tree, common in most 
parts of India and Burma, extending to the sub-Himalayan tract 
^vestward to the Indus and eastward to Sikkim. It is found up 
to 3,000 feet and occasionally as high as 4,000 feet. Cattle 
eat the leaves and the lowvr and smaller branches. 

Albizzia hhbek. The Siris tree. Vern, siris, siras, lasrin 

Ibis is a large, deciduous, spreading tree which grows wild 
or cultivated in most parts of India and in the mixed forests in 
the sub-Himalayan tract from the Indus eastward up to 5,000 
feet, in Bengal, Burma, central and south India. The leaves 
and twigs arc gathered as fodder for camels and otlicr animals. 
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It is often cultivated for fodder in Mysore. The tree grows- 
rapidly and flourishes on almost any soil, specially on canal 
embankments and roadsides, and pro\ides lx)th fodder and fuel. 

Bombax inalabaiiciun. Silk cotton tree. Vern. semuly semal„ 

sarphal 

This is a veiy large, deciduous tree, with horizontally spread- 
ing branches, and is met with throughout the forests of the 
hotter parts of India and Buxma. It is abundant in eastern 
India and is found up to 4,000 feet in the hills. It is the largest 
and most characteristic tree of Rajputana, and is a striking 
object in the spring with its immense buttressed trunks and 
large red flowers, six inches in breadth, clustered on the leaf- 
less branches. The leaver which are 2 to 3 inches long are felted 
witli star shaped haiis. These with the twigs are severely 
lopped for fodder in Bombay, the Punjab, the Central Province^ 
the United Provinces and in Assam. 

Biitea fwiidom, Vern. dhak, palas, chichm 

This is a moderate sized deciduous tree, found throughout 
India and Burma, and in the north-west Himalayas as far 
the Jhelum. It is one of the most beautiful trees of the plains 
and lower hills of India and is popularly known as the Tlame 
of the Forest.’ Ordinarily it is a shrub, but when preserv’ed 
grows to a considerable height wdth large handsome red flowers, 
which blossom in March and April. The trees are often merci- 
lessly lopped and stripped of the leaves which arc used as fodder 
for iDuffaloes and elephants. 

Cassia fi:^tula. Indian laburnum or purging cassia. Vern. ainaltas 

This is a moderate sized, deciduous tree of the sub-Hima- 
layan tract common throughout India and Burma, and is found 
Up to 3,000 feet in altitude. It is very common on the lower 
mountainous tracts skirting the Himalayas (from the Khasia 
Hills to Peshawar) and from Chota Nagpur and central India 
to Bombay. It occurs chiefly as a small spreading tree not 
more than 20 feet in height which is leafless in March, the long 
pendulous racemes of bright yellow flowers and fresh green 
leaves appearing together in April. The leaves are about one 
foot long, and with the twigs are lopped for cattle fodder in 
Oudh and Kumaon. 
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D alter gia Sls.so. The Sisso. Veni. shisham, sisam, tall 

This is a lari^e deciduous tree found in the sub-Himala\ an 
tract from the Indus to Assam, up to 2,000 feet. It is found 
throughout the plains of India and also in Baluchistan and 
Afghanistan. It may be found in e\er\ distiict of India, largely 
as the result of c^To^t^ to extend cultivation, though it is often 
self-sown. It thrives best on a light -oil and requires a consider- 
able amount of moisture. The old iea\es turn reddisli brown and 
begin to fall in December, but continue 10 be shed up to Febru- 
ary, Avhen the young foliage appears progia^shcly until April. 
The leaves, which are latlier small, are a good fodder. Cattle are 
very fond of the young shoots and leaves, and browsc freely 
on them if allow’ed to do ^o. Experiments carricxl out at Lyali- 
piir have sliowii that the lea\e^ can be made into a good palat- 
able silage. 

Eiythina indica, Indian coral tree, mochi wood Vern. pangm, 

pharad, mandat a 

This is a medium sized, quickly growing tree, with a straigiit 
trunk, which is usually armed with prickles when young. It 
occurs throughout India from tiic lower HimalayaN and also 
in Burma. It is often grown in gardens, and the leaves are 
used as a cattle fodder, specially in Madras, Bombay and Assam 

Garuga pinnata, Vern, ghogai, kaikai, turn 

This tree attains a height of fiom 30 to 40 feet, and is found 
in the sub-Himalayan foicsts from the Jumna eastw^ard, up to 
3,000 feet. It is aho found in central and southern India,. 
Chittagong and Buima, It flow'ers from February to March and 
the fruit ripens in June and July. The shoots and leaves are 
collected for fodder, specially for elephants. 

Prosopis spidgeia, Vern. jhaiid, jand, jandi 

A moderate sized, deciduous, thorny tree, found in the arid, 
dry zones of the central Punjab, Sind, Rajputana, Gujrat, 
Bundhelkhand and the Deccan, It is easily raised from seed and 
coppices well. The pods which ripen before and during the 
rains contain, when scarcely ripe, a considerable quantity of a 
sweet farinaceous substance. It is uacd for liuman consuiap- 
tion in the Punjab, Gujrat and the Deccan, in some localitfes- 
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by all classes, in others only by tiic poor^ and in times of scar- 
.rity. The pods form a good food for camels^ cattle and goats, 
and the loppings Vailed lanji arc said to be specially valued in 
die trans-Indus regions as a fodder for. sheep and goats. The 
trees are cajrefully preserv’ed" for This purpose and are pollarded 
. during the cold weather when grass and other fodders are scarce. 
In other localities of the Punjab the leaves are also highly 
^^aiued as a fodder. 

Satix tetraspcrjiia, Vern. hed leila^ hed^ bent 

This is a moderate sized, deciduous tree, found throughout 
India on river banks and in moist places and in the Himalayan 
valleys up to 6,000 feet. The leaves which are 3 to 6 inches 
long arc four times longer than broad and nan'owed at botii 
ends and are lopped and fed to cattle. 

Salvador^ oleoides. Vern. ihal^ jal, pilu 

A large evergreen shrub or tree of the arid tracts of Sind, 
the Punjab and Rajputana, often forming the greater part of 
vegetation of the desert. It is found up to 3,000 feet in the 
trans-Indus hills and up to 2,400 feet in the Salt Range. The 
tree flowers in April and its fruit ripens at the beginning of the 
hot w^eather. Cattle are fond of the berries which are 
reputed to increase both the quantity and tlie sweetness of the 
‘ milk. 

Spondias tnangifera. The hog plum. Vern. amra^ amarn, 
ambodka and amara 

A small, deciduous tree, found wild or cultivated tlirough- 
- out India, from the Indus eastward, and sou tli ward to Ceylon. 
It is found up to 5,000 feet in the Himalayas, and the leaves 
which are 12 to 18 inches long are eaten by cattle. 

Tamarix diotca. Vern. jhau. faynati^ harwan 

Tills is a gregarious .shrub, found near rivers and on the 
coast throughout India from Sind to Burma and is often planted 
as an ornamental shrub. It grows freely in soil impregnated 
with salt and is easily reproduced from coppice shoots. The 
leaves which are minute and scale-like arc smooth and greyisli 
-.green with a broad white margin. They are sometimes used 
um fodder for cattle in the Phiijab and. the United Provinces. 
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Tfrminalia belcrica, Bellcrie nuTobalan. Vern. bhaira, hahera 

This is a large deciduous tree, conmion in the plains and lower 
hills throughout India, with the exception of the arid tracts to 
the west, and extends to Ceylon and Alaiaya. The leaves are 
3 to 6 inches long and crowded to^vards the ends of branches, 
in Kangra they are considered an excellent fodder for milch 
cows. 


Rekd Grasses 

Muiij. (Saccharum Munj Roxb) 

This is a reed grass which is extensively found all om" 
northern India and might be used in times of scarcity. Its con- 
tent of protein is very low and work carried out at tiie Imperial 
Veterinary Research Institute, Izatnagar, by Dr. Kehar (private 
information) shows that the amount of digestible protein it con- 
tains is negligible. On the other hand it contains nearly 50- 
per cent fibre, and although it might be of some use in very 
early stages of growth it is not a maintenance ration. 

Khans. (S.vccxiarum spontaneum) 

This is a common reed usually found on canal banks, and Ls 
used for thatching purposes. Like mun], it would be of use as 
a fodder only in the young and succulent condition, hut it is 
inferior to mun] in its protein content. It is not a maintenance 
ration, and would ordinarily be used for feeding purposes only 
as a last resort. 
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CHAPTER IX 

FEEDING OF CATTLE AND BUFFALOES 

The preceding; chapters iiave dealt with the constituents of. 
and different types of feeding stuffs used for farm animals, and 
the methods by which they are digested and made available for 
animals. A rcvic^v has also been given of the general principles 
involved in feeding for maintenance and production, and of the 
chief standards by which a reasonable measure of exactitude 
may be attained in computing rations for particular purposes. 

We are now in a position to consider the application of the 
data thus reviewed to different classes of livestock. 

There are in India approximately 97.5 million cows and 
young stock, 62.9 million working bullocks and bulls, and 44.8 
million buffaloes with young stock. One of the main difficulties 
facing the owners of livestock is to obtain sufficient feeding 
stuffs to meet what must be acknowledged to be, even for India, 
a very unsatisfactory average milk yield per cow. 

There is a story told of a District Officer touring in the 
Madras Presidency who w^as camping near a certain village. He 
i>cnt his luggage ahead and when he arrived in camp with his 
wife and children he w-as astonished to sec 21 cows standing in 
a row. He asked the reason for tliis and was told that they 
had been mustered to supply milk for the family while in camp. 
'‘But we do not want so much milk’, he said. ‘These animals 
will give you just enough,’ was the reply — and it was right, 

This represents an extreme picture of uneconomic produc-* 
tion, but it is illusti'ative of the fact that the greater part of 
India’s cattle does not get either the proper amount, or the right 
type of food. 

Grazing conditions are bad over the greater part of the 
country for most of the year, and the general poverty of the 
people and the owners of cattle docs not permit a standard of 
feeding such as is found in countries where the dairy industry 
flourishes. During lactations the owners of cattle certainly 
MIow a certain feeding regime depending on the locality and 

287 
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time of year, but in between lactations, cows are generally turned 
loose to graze, and get little more food than they can find on 
totally inadequate grazing lands. Furthermore, the vast majority 
of cattle in India are of a nondescript type and are not high 
yiclders. Nevertheless the yield of milk could undoubtedly be 
increased by better feeding. 

On the other hand there is a considerable number of dairies 
where good breeds of Indian cattle are kept, and fed according' 
to scientific rationing regimes, and it is not unusual to find 
lactation yields up to or exceeding 10,000 lb. (See Appendix 4 .) 

Some advance has been made in recent years in improving 
Indian cattle by the distribution of improved types of bull in 
villages, but little systematic attempt has yet been made to de- 
vise better rationing schemes. 

It is only by a combination of improved breeds and better 
feeding that milk yields can be increased, neither of which can* 
be successful without the other. 

It is not difficult to say what a cow should be fed for a cer- 
tain level of milk production, but it is a matter of considerable 
difficulty to arrange that she gets it. 

Any attempt at improvement of the general milk situation in 
Itidia must accept the two major premises of improved breeds 
and improved feeding, and there is a task of great magnitude’ 
awaiting the administration in enabling owners of cattle to feed 
up to a better standard, thus implementing the scientific facts 
concerning feeding which are already available. It is not to be- 
expected that in a country the size of India, with her present 
poverty, startling results will be rapidly obtained, but as the* 
health of the population could be much improved by a greater 
consumption of pure milk, it is not unreasonable to suggest that 
the problem should be treated as one of national concern. 


FEEDING OF MILCH COWS 

Some of the most important factors essential to efficient milk 
production are: — 

1. To retain only high yielding cows of selected breeds which are 

more economical than low yielding ones. 

2, To feed them throughout the year with the requisite quantities^' 

of well balanced rations containing all the essential nutrients. 
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3. To ensure that each cow gets a ration which supplies both the 

total digestible nutrients needed, and the proper amount of 
protein according to the milk yield. 

4. To ensure that the rations comprise a variet\ of palatable 

feeds, and are not confined to one or two concentrates or 
roughages. 

5. To arrange as far as possible that some green fodders are fed 

throughout the \ ear. 

6. Not to feed rations that are coiastipating, but to balance those 

which tend to be so with some laxative feed, such as bran. 

7. To ensure that animals do not calve too frequentK but are 

given a reasonable interval to recoup their body strength. 

8. To take particular care iir feeding veiy high yielders for 

which it ma> be found difficult to give sufficient food to 
comply with the nutritive requirements for the milk yielded. 

-9. To keep the animals in proper surroundings which should hr 
clean, and the stalls light and airy. 

10. To ensure regularity in times of feeding and milking, and to 

provide an adequate supply of drinking water. 

11. To avoid any circumstances, as far as possible, which upset 

the animal, such as harsh treatment, changes of routine and 
so forth. The cow is a creature of habit and responds to 
disturbed conditions by giving a lower milk yield. 


Br^ed of the cow 

The milk producing capacity of a cow is essentially an in- 
herent function of breed, and it may be taken as a general rule 
that for any particular breed, additional feeding beyond that in- 
dicated as necessary by the average yields for that breed will not 
influence the amount and composition of the milk to any appre- 
ciable degree. 

Some breeds are naturally higher yielders than others, ancf 
cows which produce a large amount of milk and fat must be fed 
better than those yielding less. It will generally be found, 
however, that the increased revenue returns from the higher 
yields will more than offset the additional expenditure on food 
— and high yielders are consequently more economical to feed 
than low ones. As a rule, the higher the yields, the greater 
the credit balance from the milk over the cost incurred for die 
additional feed. 

Correspondingly, in herds of the same breed it will always 

T 
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be found, assuming that the proper nutritive standards are being 
observed, that individual cows differ in the efficiency with which 
they convert their food into milk — some will always be lower 
yielders than others. 

It has been found [Moixison, 1936] that high producing cows 
require as much food for maintenance as low producers, and 
that there is little difference in the efficiency with which they 
digest their food. High producers and low producers do not 
differ very much in the amount of milk and fat they can pro- 
duce from each loo lb. of food they eat beyond the amounts 
they need merely for maintenance requirements. High pro- 
ducers have certain inherited capacities for milk production, 
and as a rule have good constitutions, and consequently secrete 
an abundance of milk. 

Unless high producers are adequately fed they may fall to 
the level of low producers, hence it is just as important to give 
the former adequate rations as it is not to feed the latter beyond 
what is actually needed for their yields. A well fed dairy' cow- 
producing one pound of butter fat per day will require about 48 
per cent of the food she eats for maintenance. If the ration 
of such a cow be cut down to about two-thirds, she will still 
need as much food for maintenance, but will now have for milk 
production, probably only about 30 per cent of the food. 

It is false economy to feed high yielders less food than is 
necessary for the milk yields as given in the recognised standards. 
Furthermore, the farmer’s overhead charges will remain the same 
whether his cows are giving 10, 20 or 30 lb. of milk per day. 

It is admitted that dairy herds can be built up by careful 
breeding and feeding, yet once an individual cow’s inherent 
milk capacity is relatively fixed, this cannot be appreciably in- 
creased by further feeding. Any additional food given in an 
endeavour to increase the milk yield will be wasted, as all the 
cow can do is to store the excess nutrients in the form of body 
fat and not turn it into milk. 

This is important for the dairyman, and he should try as 
far as possible to differentiate between his high and low yielders 
and, while not giving every cow in his herd a separately cal- 
culated ration, he should at least attempt to sub-divide them into 
groups so as to ensure economy in feeding. 

He should also try^as far as possible to replace his low yielders 



FEEDING OF CATTLE AND BUFFALOES 


291 


by high ones, because a high yielder^ in spite of the incrt'ased 
cost of its food, is a better economic unit than a low one* 

Total digestible nutrients needed 

The various feeding standards advocated in the past and in 
TOgue to-day have varied to some degree in the amounts of 
total digestible nutrients which they advocate, in addition to 
“the maintenance rations, for each pound of milk of varying fat 
percentage produced. For example, it has been reported by Meigs 
[1925] on experiments carried out by the United States Depart- 
ment of Agriculture, Bureau of Dairy Industry, that the Armsby 
standards fell short, by about 15%, of the then prevailing 
.standards followed in the Eastern States. A feeding standard, 
however, is only intended to be an approximate guide for the 
stock owner who obviously cannot carry out detailed experi- 
ments for himself, and where expense is a secondary considera- 
tion and the maximum possible production is aimed at, greater 
quantities of nutrients may be supplied — always with the pro- 
viso that every animal has a maximum production capacity, 
beyond which additional feeding will not produce further yields. 

In the case of heifers and cows during pregnancy, an addi- 
tional amount of food will be needed over and above that given 
in the standards to provide for the growing foetus, in addition 
to that needed for maintenance or milk production. It has been 
concluded by certain American investigators [Morrison, 1936] 
that for the first two-thirds of the gestation period additional 
food need not be fed above that required for maintenance and 
milk production, but that during the last part of gestation the 
food supplied should contain twice as great a quantity of total 
digestible nutrients, including an adequate proportion of digesti- 
ble protein, as is contained in the body of the newly bom calf. 
(Sec also page 310 ). 


Protein Requirements 

The protein needed for milk production is known to vary 
according to the amount of fat the milk contains. Milk that is 
rich in fat is usually higher in protein content, and also in lactose, 
than a milk of low fat content. Consequently a higher propor- 
tion of total digestible nutrients and digestible protein is needed. 
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over and above the usual standards, to produce milk of a high 
fat content than for one containing less fat. 

Sanmann and Wright [see reference] ha\e recorded that there 
is an increase of about 0.42 per cent in the protein content of milk 
for each one per cent increase in fat, and that this increase is 
fairly regular. Allowances have therefore been made in the 
feeding standards for the digestible protein and total digestible 
nutrients required for the production of milk of varying fat 
content, 

Haecker [see reference] recommends that in addition to the 
requirements for maintenance for milk of different fat percent- 
ages, additional amounts of digestible protein should be given 
at a rate of 1.7 times the estimated protein contained in the 
milk. Taking these considerations into account Morrison [1936] 
recommends the following standards of feeding for milk of vary- 
ing fat content: — 


TABLE I 


Showing the additional nictrienfs which should be added to the 
maintenance rations of cows for milk of varying fat contenK 
(Per pound of milk) 


Fat percenlag-e 

DIGESTIBLE 

PROTEIN 

Mmimum Recommended 

aUowance for good cows 

advised under usual 

TOTAL 

DJGES 1 IELE 

NL TRJENTS 

Minimum Recommended 
allowance for good cows 
allowed. under usual 

For 2.^^/c 

fat in milk. 

Ib 

0.034 

conditions. 

lb. 

0.040 

lb. 

0.238 

conditions. 

lb. 

0.251 

For 

—do— 

0.036 

0.043 

0.261 

0.276 

For 3.59^ 

-do— 

0.038 

0.046 

0.284 

0.300 

For 4% 

— do — 

O-O41 

0.049 

0.307 

0.324 

For 4.59c 

— do — 

0.044 

0.052 

0.330 

0.349 

For 5^ 

— do — 

0.046 

0.056 

0.353 

0.373 

For 5.59^ 

— do — 

0.049 

0.059 

0.376 

0.397 

For 6% 

— do — 

0.052 

0.062 

0-399 

0.422 

For 6 59 < 

— do — 

0.054 

0.065 

0.422 

0.446 

For 7% 

— do — 

0.057 

0.068 

0.445 

0.470 


Protein is of special importance as it is the protein supple- 
ments of tlie ration rather than the cereal concentrates that are 
usually most expensive, and much work has been done in 
America to determine the minimum protein requirements. 
According to Perkins and Monroe [sec reference] cows in good 
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production ^>liould receive^ in addition to the protein for main- 
tenance, about I. S') times as much digestible protein a& is con- 
tained in the milk produced. Cows of higher productive capa- 
city may he fed a somewha^ higher ratio than this, say, up to 
1.6 times, but when the protein given is increased beyond this 
level, the production of milk is not further increased lO any 
extent. In some of the trials recorded by these workers, cows 
of very high productive capacity yielded extremely large amounts 
of milk when fed even less than 1.25 times as much digestible 
protein as was contained in their milk. Working with Holstein 
cows, Perkins [see reference] found that with a ration having the 
comparatively wide nutritive ratio of i : ii, over 11,000 lb. of 
milk a year containing 4 per cent fat were produced. The same 
COW’S, nevertheless, produced more milk when the protein was in- 
creased. thus confirming w’hat w’as said above, that it is not 
economical to restrict the ration to a level below the producing 
capacity of the cow. Other experiments conducted by these 
workers using nutritive ratios as narrow as i : 2 have shown that 
an excess of protein fed over milk capacity requirements has 
tended to delay breeding. Experimental considerations such as 
these have been taken into account in working out the Morri- 
“Son feeding standards for dairy cows given in Appendix 2. It 
will be seen that allowance has been made over a certain range 
to provide both for moderate, and more liberal milkers, and 
while the low^m figures may be taken as satisfactory for moderate 
yielders it is generally considered advisable to take the higher 
one for cows producing one pound or more butter fat per day. 

Figures obtained from trials on Sahiwal cows at Lyallpur 
yielding on an average 20 lb. of milk a day containing from 
4 . 5 % — 5 % fat, were given rations which conformed to a 
standard slightly below Morrison’s lower figure. The data 
obtained at Lyallpur were as follows (Morrison’s figures are also 
given for comparison) : — 

Fat percentage Digestible protein Digestible total 

ill the milk. consumed per lb. nutrients con- 

of milk produced, sumed per lb. of 
milk produced, 
lb. lb. 

Lyallpur. 5«; 0*048 0*357 

0*046.0*056 0*^53.0*373 


ornson. 
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Fiopoition of conceMiate to wughage 

The proportion of protein supplied by the concentrates and 
roughages respectively is an important matter in feeding dairy 
cows. The problem of computing rations will be gone into in 
more detail later in this Chapter (sec also Chapter V), but it 
may be stated here that if the roughage fed is berseem, lucerne 
or other rich leguminous hay^ the amount of protein supplied 
in the roughage will be so large that the balance required may 
be made up from the less rich protein type of concentrate, such 
as maize or a cereal mixture. For very high producing cows, 
even when fed a rich legume roughage, it is nevertheless advis- 
able to add a certain amount of bran to guard against a possible 
calcium and phosphorus deficiency in the roughage, even if the 
protein is otherwise sufficient. Maize and cereals are deficient 
in these minerals. If the roughage fed has a considerably lower 
protein content than an average good legume hay such as 
lucerne, then a high producing cow will need a protein supple- 
ment to the ration. For example, oat hay grown at Lyallpur 
was found to have from 1.9 — 2,2 per cent digestible protein, ber- 
scem about 2.2 per cent., and maize grain about 5 per cent.; 
therefore 25 lb. of average oat hay and 10 Ib. of maize would! 
supply only about 1.5 lb. of digestible protein, w-^hidi is insuffi- 
cient for a high producing cow. Hence with such a roughage a 
small quantity of protein supplement is necessary. 

In deciding on the relative proportions of roughage and con- 
centrate therefore, the relative proportions of protein they yield 
must be taken into account, and the mineral needs also must be 
adequately provided for. A good general guide is that the con- 
centrate must be richer in protein when the roughage is a non- 
legume such as ordinary hay or silage, or a mixture of these writh 
some legume, in which case a protein rich supplement should be 
added. With rich protein roughages, the concentrates may con- 
sist mainly of cereals or others less rich in protein. 

Protein of high and low quality 

It may be assumed, that if the ration contains a good legume 
hay or silage, the quality of the protein — quite apart from con- 
siderations of quantity — will be satisfactory. Certain concen- 
trates, howevei', such as maize, maize meals, dried grains fronB 
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breweries and distilleries^ contain poor quality proteins which 
are deficient in certain of the essential amino acids* Such con- 
centrates should therefore be fed with others such as linseed meal, 
gram and other protein rich grains and cakes, all of which sup- 
ply proteins of high quality. It is not sufficient that a certain 
quantity of protein be fed. The protein must also supply the 
right type of amino acids which arc contained in all the rich 
concentrates mentioned. 

Feeding on roughage onh 

Feeding milch cow^s on roughage only with little or no con- 
centrates is all too common in India, and in the periods between 
lactations the vast majority of milch cows get little or no con- 
centrates, but are turned loose on tlie fields to find w^hatever 
they can pick up. Even duiing lactation periods the majority 
subsist mainly on roughages with a handful of mixed grain 
throwm in. Such animals cannot be considered to come within 
the purview of any feeding standards mentioned in this book. 
They stand so to speak outside the pale of scientific nutrition. 
Most of them are of non-descript type, their milk yields are 
notoriously lo\v , and it would not be a paying proposition to feed 
the majority ot them in any scientifically conducted dairy herd. 
The writer has described in considerable detail in a recent pub- 
lication [Lander, 1942] the grazing conditions under which the 
majority of India’s approximately 215 million cattle subsist, but 
it is not possible to state with any degree of accuracy what pro- 
portion of them is uneconomic. They no doubt pay for their 
keep because they are sent out to graze on whatever grazing 
grounds are available and so their keep costs nothing, but the 
fact that some of them produce milk is no guide as to whether 
cows can be made to produce milk economically on roughage 
alone. Some farmers keep their cattle largely on green fodder 
supplemented by random grazing, as only a very small propor- 
tion can get even grazing which is worth the name. 

The question, neverdieless, arises as to what extent milch 
cowTs can subsist on roughage alone. A prime essential ot good 
dairy husbandry is that an abundance of good quality roughage 
should always be available, and in certain localities and under 
certain conditions it may be necessary to decide whether any 
concentrates need be fed. and if so, w'^hich. The answer will 
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depend in laigc degree on the milk yielding capacity of the cows, 
and on the relative costs of the roughage and concentrates avail- 
able, and the price which can be obtained for the milk. 

In some of the i atile districts of the middle west of xAmerica, 
cattle subsist largely on lucerne grazing and roughage, which is 
cheap in comparison with concentrates, although a certain 
amount of concentrates is fed. Under some conditions it may 
pay to feed no concentrates at all. 

When cows are fed a liberal amount of hay during the winter 
months where grazing is scanty, and get plenty of good irrigat- 
ed pasture during the summer, it may be possible to obtain good 
milk production with little or no concentrates. Such ideal con- 
ditions, however, perhaps exist only on Government Farms, Re- 
mount Depots and large estates w^iere grazing and irrigation 
facilities are ample. 

The writer has seen in South Africa first class herds of 
pedigree Ayrshircs, Jerseys and grade Friesians of high milk pro- 
ducing capacity which subsist diroughout the year entirely on 
summer grazing on likuya grass and Paspalumn dilactatumj and 
winter pastures such as rye grass, cocksfoot and tall fescue. Cows 
of the larger breeds usually do better on such rations than smaller 
animals owdng to their greater capacity to consume roughages. 
It must be admitted, however, that such pastures received 
special treatment designed for the purpose of developing the 
dairy industry in a 35 inch rainfall belt on nothing but pasturage. 
Such ideal conditions are rare in India, where the yield of 
milk will usually be decidedly less on nothing but roughage, 
even of good quality, than when at least a moderate quantity of 
concentrate is fed. Roughage alone, even good lucerne hay, is 
usually too bulky to provide the necessary nett energy required. 

Where ideal grazing and plenty of rich roughage are not 
available, cows should be given enough concentrates to ensure 
the maintenance of a high level of milk production. Even when 
the price of concentrates is so high that it is advisable to reduce 
the concentrate allowance below normal, cows should always 
get alt the good roughage that they will consume, otherwise the 
yield of milk may be so reduced that the balance of income over 
the cost of the rations will be seriously lowered. 
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Fat lequhements 

It is extremely difficult to state with any degree of accaiac}. 
what is the optimum amount of fat which dauy rations should 
contain. With modern methods of extracting oil from oilstcds 
in the production of oilseed cakes the tendency is for such con- 
centrates to be somewhat low in fat content. For example, 4F 
cotton seed contains 20 per cent fat, but the corresponding cake 
made by expression contains only about 8 per cent while cakes 
manufactured by the solvent process may contain but little or 
none. 

The animal body is able to convert materials other than 
the fat of the food into body fat, e.g.^ the proteins and carbo- 
hydrates, and it was formerly thought that, provided the ration 
contained sufficient total digestible nutrients the percentage of 
actual fat contained in it was immaterial. It was generally con- 
ceded, however, that the animal could more easily form fat 
for the milk from the fat in the food than from the other ingre- 
dients. The earlier experiments which were conducted to thiow 
light on this subject were made with so called low fat rations, 
which still contained a relatively high percentage of fat, and the 
results obtained were inconclusive, and did not enable them to 
be compared in this respect with high fat rations. 

Experiments carried out at the Cornell Experimental Station 
[Maynard, 1929 ], U.S.A,, on cows receiving a roughage of 
maize silage, mixed clover and timothy grass hays, and fed a 
concentrate mixture containing less than 4 per cent fat, showed 
that the milk yield and fat content of the milk were considerably 
decreased, but that on a ration containing 4 per cent of fat, 
the fat of the ration supplied about 70 per cent of the fat 
found in the milk, and that 4 per cent of fat was adequate to 
maintain the milk yield and fat content 

With a corresponding roughage to wffiich was added a con- 
centrate containing up to 7 per cent of fat, the milk yield and 
fat content were not found to be appreciably increased, although 
the fat content of the milk on the higher fat ration was slightly 
higher. It is generally assumed tlierefore that a fat content of 
from 3 to 4 per cent in the ration is satisfactory, and no bene- 
ficial results will accrue by increasing it. 
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Mineral requirements 

Minerals have varied and vital functions to perform in tiie 
animal economy, and unless the rations supply these in ade- 
quate quantities and in the right proportions, untoward results 
arc likely to ensue. With heavy milking cows the possibility 
of there being a qualitative or quantitative deficiency increase? 
as the milk yield increases. Under natural conditions a cow 
w’ould only be likely to give sufficient milk for one or two 
calves, and would get a longer period for recuperation between 
lactations than is the case in modern dairies. Many of the 
pastures on which cows graze arc deficient in minerals, and so 
are many of the hays and cereal concentrates. It is therefore 
often a matter of serious concern as to how to make sure that a 
high milking cow will get all the minerals she needs in her ration. 
The average mineral composition of cows’ milk is shown below 
in percentages: — 


Calcium 

Phos- 

Magne- 

Potas- 

Sodium. Chlorine. Sulphur. 

Iron. 


phorus. 

sium. 

sium 




% 



% 

% % 

% 


0-118 

0*093 

0*013 

0-143 

0-051 0-106 

0*034 

O-0C02: 


So that a cow giving 30 lb, of milk per day will secrete the follow- 
ing amounts of minerals daily in the milk, and as a rule she 
will require about three times this quantity, particularly calcium 
and phosphorus, in the ration to provide for this outlay: — 


Minerals in grammes in 30 lb. of milk. 

Calcium. Phos- Magne- Potas- Sodium. Chlorine. Sulphur. Iron, 

phorus. sium sium. 

16*06 12-66 1-63 19*46 6*94 14*42 4*63 1*39 . 

It is doubtful whether many of tlie rations fed to high yield- 
ing cows are able to provide adequately for this outlay for any 
length of time. 

The evil effects which result from long continued mineral 
deficiency in rations are not always clearly defined and obvious^ 
and may be characterised by an unthrifty appearance and gen- 
eral malaise, a falling off in the milk yield, and the produedon of 
w'cak and sickly calves. Many cases of abortion arc now re- 



FEEDING OF CATTLE AND BUFFALOES 


299* 


gardcd to have a direct or indirect connection with ininerai defi- 
ciency. 

The minerals which are most likely to be lacking in cow.s’ 
rations are calcium and phosphorus^ and possibly iodine and 
iron. It would be a matter of great difficulty^ on account of tiie 
wide variations in the mineral content of fodders, and also on 
account of the fact that it is not physiologically possible 10 say 
with any precision how much minerals an animal needs, to 
work out feeding standards for minerals'^ on a par with those for 
digestible protein and total digestible nutrients. A reasonable 
guide is to allow heifers up to tlie time of calving at least 10 
grammes of phosphorus (P2O5) per head per day, and at least 
twice that amount of calcium (GaO). For milk production,, 
about 0.5 grammes of phosphorus is needed, in addition, for 
each pound of milk produced, and about i gramme of calcium. 

The best guard against mineral deficiency is to feed a mixed 
ration, to avoid an undue preponderance of foods deficient in 
calcium, such as maize, wheat offals, etc,, and to include a good 
legume roughage and mixed silage. The addition of a small 
quantity of fish meal and steamed bone meal wall furnish a use- 
ful mineral adjunct, besides adding to the protein rich part of 
the ration. For very heavy milkers, one or two ounces of 
steamed bone meal per diem may be given. 

The various proprietary mineral mixtures which are so com- 
mon should be used with caution, as they are not necessarily 
prepared to deal with a specific mineral deficiency for which a 
special adjunct is needed, and may possibly do more harm than 
good. Nevertheless, if this precaution is borne in mind, mineral 
foods may improve both the health of tlic animal and the milk 
yield, although sudi results are not always immediate. 

Orr and co-workers have described trials on 12 pedigree ' 
Ayrshire heifers over a period of two lactations w^hich illustrate 
the importance of a wise use of mineral adjuncts. 

The winter ration they employed consisted of oat straw fed 
ad lib,, turnips (6 cows), and silage (6 cows), distillers grains^ 
and a compound cake made up of equal parts of rice meal, palm 
kernel meal, decorticated ground nut meal, ^vheat offals and’ 
molasses. Half of the cows were fed a mineral adjunct consist-" 
ing of 56 lb. calcium carbonate, 28 lb. common salt, 6 lb. iroit 
oxide and 2 ozs. potassium oxide, per ton of cake, the consump'^- 
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tion of which \\a^ adjusted to the milk ^leld. Three of the cows 
on silage, and three of tiiosc on turnips were given the cake 
without the added minerals, and the others the cake with the 
minerals. During summer a less amount of cake was given. 
The results obtained are shown bclow^: — 


Aiei age yield of milk. 


Siiasrc & turnips lation 
Silage & turnips lation 
plus mincials 


I St lactation, 
lb. 

10,699 

10,029 


2nd lactation, 
lb. 

9,358 

10,229 


Increase 01 
decrease 
lb. 

- 1,841 

+ 200 


Skomng weight of calves bom. 

First calves 
lb. 

Non-mineral group 83.2 

•Mineral gtoup 81.3 


Second cahes 
lb. 

77.8 

82.6 


The general health of the mineral fed animals was good, 
though Orr states that with four of the six cow^s there was a 
marked delay in calving, and in one case the calf was born 
dead. Apart from this delay, how'cver, all six cows in the 
mineral group remained in perfect health. 

These w^orkers conclude that, although definite conclusions 
could not be drawn, tire results suggested that it is possible to 
improve the nutritive value of rations by adding minerals, and 
that the mineral ration showed a beneficial effect both on the 
health of the cows and on the milk yield. 

On the other hand there was also evidence that the addition 
of a mineral mixture to a ration might have a detrimental effect. 


Necessity for common salt 

All herbivorous animals need a considerably larger quantity 
*of common salt than their rations usually supply, and they 
should ahvays be provided with a ‘salt lick\ The best way to 
^vc this is in the form of lumps of rock salt placed in the 
mangers. 

Both sodium and chlorine are required for a variety of pur- 
“Iposcs in the body, such as maintaining the acid*base equilibrium, 
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and for ihc gastric juice. A considerable amount of salt is lost 
in the sweat and urinc% and if a proper supply is not ava liable 
in the rations, a marked degree of ill health is likel^^^to appeal 
sooner or later. A satisfactory daily allowance of salt for dair> 
cattle is about half an ounce for an animal of i,ooo lb. weight 
and an additional i/srd of an ounce for every lo lb. of milk 
produced. 

Calcium and phosphorus 

These make up about thmc quarters of the mineral malter in 
the entire body of animals, and about 90 per cent of the .skeletal 
structure, and they constitute about half the rninerals present in 
milk. It is obvious, therefore, that growing animals and those in 
milk must be supplied with sufficient calcium and phosphorus in 
the rations. In some districts, such Bihar, there is a deficiencv of 
phosphorus in the soil (and, to some extent, calcium), and in 
many of the hilly tracts, which get a very heavy lainfall, a 
deficiency of both. In such areas stock are liable lo mfler on 
account of deficiencies of minerals in the soil which are in turn 
reflected in the crop'^. Ordinarily there should be no lack of 
phosphorus or calcium in crops grown on normal soils, and dairy 
cattle which arc fed good rations including protein rich con- 
centrates and good ha\, particularly legume hay, should not 
suffer on this account. 

It has been suggested by Huffman [^>00 lefercncc] and his 
associates at Michigan, U.S.A,, that dairy cows need about 0.35 
ounce phosphorus daily per 1,000 lb. live weight for mainten- 
ance, and 0.0126 ounce for each pound of milk produced, and 
that not less than 0.60 ounce should be fed during low produc- 
tion and prior to calving. 

The daily ration of a 1,000 lb. cow producing 25 lb. of milk 
a day should therefore contain on a dry basis about i.o ounce 
of phosphorus, and p)o rata for higher 'yields. It is possible 
from the tables of analyses in Appendix I, to compute approxi- 
mately how much phosphorus any particular ration will furnish, 
and adjustments may be made accordingly. Even lucerne hay 
contains only about 0,22 per cent of phosphorus and most otlier 
hays much less. 

The calcium requirements of cows are generally considered" 
to be somewhat higher than for phosphorus, and there is less * 
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likely to be a lack of calcium, in most dairy ratiorxs, tiian ot 
phosphorus. For high producing cows the rations should con- 
tain at least 0,2 per cent of calcium per day on a dry basis, and 
preferably much more, so that wjien legume hays are not avail- 
able a calcium mineral supplement should be ghen. 

Dry maftei’ or hulk 

Every ration must contain sufficient bulk or dry* matter to 
enable the digestive organs to function to their best ability; on 
the other hand too bulky a ration should be avoided or cows 
may not be able to ingest sufficient nutrients to provide for the 
milk they should produce. 

Kellner [ipoSt, as a result of numerous feeding trials, arrived 
at the conclusion that the dry matter requirements for main- 
tenance should amount to approximately 2.5 per cent of the body 
weight of the animal. Thus for an 800 lb. heifer, the upper 
limit would be about 20 lb. of dry matter. For average animals 
in India this figure might be reduced somewhat. 

Dry matter fot milk pwdtiction 

Kellner [1908] also ascertained, using his standard based on 
starch equivalents, that for every gallon of milk produced 
approximately 2.5 lb. of dry matter were required over and 
above that needed for maintenance. Therefore, in drawing 
up a ration for milk cows it is necessary in the first place to make 
a calculation to find out how much dry matter is needed to 
meet the needs for milk production. Thus an 800 lb. animal 
giving 24 lb. of milk per day wall require approximately 6 lb, 
of dry matter per day for the milk, and in. addition about 20 
lb. of dry matter for maintenance. Therefore the total amount 
to be supplied should be 26 lb. according to Kellner’s stipula- 
tions. 

Indian cattle appear to be conditioned to a somew^hat lower 
level of dry matter requirements (as well as digestible protein 
and total digestible nutrients) and it is unusual to find a greater 
total bulk of dry matter than 20 lb. being fed to an 800 lb. 
cow giving from 20 to 24 lb. of milk a day. 

Naturally the amount of dry matter which cows will need 
«or can take wall vary within certain limits for different indivi- 
^duals. 
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PaiatahUit) and vancty of lations 

The palatability of a ration is perhaps of greater importance 
than the variety of ingredients it contains, and it is desirable that 
both the concentrates and roughages should be palatable and 
attractive, especially for high yielders. 

If much roughage of an unpalatable nature is given to co\vs 
they may not be able to eat as much as they should, and addi- 
tional concentrates would then be needed to balance the ration. 
Furthermore, it is maintained by some authorities that unpalat- 
able feeding stuffs are not so easily digested, and adversely affect 
the digestibility of the whole ration. Tasteless and unattrac- 
tive feeding stuffs such as soybeans or groundnut cake may be 
made more attractive by steaming, or by adding one or two 
oimces of salt, or molasses in small quantities, as an appetiser. 
Feeding stuffs which have become in any way tainted must be 
avoided, and not given with some condiment added to mask 
their flavour, as they are distasteful to cows and have a harm- 
ful effect on the milk. 

If the normal feeding stuffs available are fed in reasonable 
variety there should be no difficulty in computing palatable 
rations, and once suitable mixtures have been decided on there 
is no advantage to be gained by changing them merely to give a 
change. 

If a single roughage and concentrate, or, maybe a roughage 
cnly, is fed foi any length of time this will not only be mono- 
tonous and possibly become unpalatable, but it may not supply 
the necessary variety of nutritive ingredients. As is well known, 
different proteins vary considerably in their biological values, 
and a variety of feeding stuffs is more likely to provide the re- 
quisite protein both as regards quality and quantity. Further- 
more, ihc mineral balance is likely to be met better with a 
mixed ration than from a simpler one. ^ 

Times of feeding and milking 

It is not easy to suggest a time table that will be suitable m 
all circumstances, but it is essential that feeding and milking 
regimes once started should be regular. Cows arc sensitive 
animals and often react to an extraordinary degree to altera- 
tions in routine and disturbing conditions. 
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Linton [1^27] quotes the following regime as iollowed ia 
England for a herd of 60 Ayrshire and cross-bred cow'i*. — 


4 a.m 
b a.m. 
6.'5 o am. 

6.45 a.m. 

10. 1 1 a.m, 
I p.m. 
I 30 p.m. 

2 45-4 

4 p.m. 

4 15 P ‘^’ 


8 p.m. 


The cows are milked. 

A warm wash is given to all the cows, 

Tne allowance of roots is distributed, usual^ alx)uit ^ 
lb. per head. 

A bundle of straw (14 lb.) is put down between each 
pair of cows. 

The cows are thoroughly groomed. 

The bvie is cleaned out. 

The feed of dry concentrates is given to those cows^ produc-^ 
ing more than one gallon of milk daiK. 

The cows arc milked. 

Ensilage is given to all cows. 

Hay allowance is distributed, bedding tidied, dung 
channels cleaned out and the cows are left for the* 
night, except that at 

A visit of inspection is made by the foreman to see that 
everything is in order. 


The practice followed with the author’s experirueatal herd 
at Lyallpur is to feed part of the daily roughage allo-wance in 
the manger at 3 a.m. or about half an hour before the first 
milking. Half the day’s concentrate ration is then fed at the* 
time of milking. If, however, silage or root crops constitute* 
part of the ration these should be fed after milking, as they are 
liable to taint the milk. For moderate yielding cows this pro- 
cedure is repeated in the afternoon at 3.30 p.m. although the* 
roughage may be given after milking so that the cows have some- 
thing to do during the evening and night. Some dairymen pre- 
fer to feed most of the hay or other roughage after thr last milk- 
ing. In the case of cows yielding 25 lb. of milk per day or 
over it is customary to feed and milk again about noon. One- 
third of the concentrates may be given then so that the cows are* 
enabled to get sufficient concentrates during the day to* meet re- 
quirements for the milk. 

The exact routine to be followed will however depend om 
circumstances. 


FEEDlh'G STUFFS SUITABLE FOR DAIRT CATTLE 

Tire various feeding stuffs usually fed to different clas&cs of 
stock have been dealt with in some detail in Chapter VI. Those* 
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most commonly available and fed to dairy cattle in India are 
as follows: — 


Feeding Stuffs for Dairy Cattle 


Dry roughages. 

Wheat hhusa. 
Oat hay. 

Rice straw. 
Maize stallcs. 
Juar stalks. 
Legume hhusa. 
Grass hay. 
B^jra stalks. 
Berseem hay. 


Green fodders. 

Maize. 

Lucerne, 

Berseem. 

Shaftal 

Senji. 

Oats. 

Juar (cholam). 
Bajra (cumbu). 
Guara. 

Guinea grass. 
Elephant grass. 
Napier grass. 

Silaf»-e of maize, oal 
mixture of Juai 
Guara or Maize 
Guara. 


Concentrates. 

Gram. 

Bran. 

Arhar. 

Cotton seed. 

Cotton seed cake. 
Sarson cake. 

Toria cake. 
Linseed cake. 

Til cake. 

Ground nut cake. 


5, or 
and 
and 


* In order to provide an efficient and economical ration^ 
account should be taken of the various advantages a^td dis- 
advantages which each type of feeding stuff offers. The detailed 
descriptions given in Chapter VI may be studied in conjunction 
with the analytical and other data given in Appendices 1 & 2^ 
and used in conformity with the requirements for balanced 
maintenance and production rations shortly to be described. 
There is no one particular ration which can be ^^aid to ,be the 
best ration for dairy cows, but the usual feeding stuffs avail- 
able should be sufficient from which to make a selection for all 
ordinary circumstances. 

Most of the grains are of equal value to dairy cattle, though 
oats, wheat and barley are usually too expensive. Good legume 
hays such as berseem and lucerne are excellent, and if these are 
replaced by less nutritious hays, the rations must be otherwise 
adequately balanced. Silage can replace a certain amount of 
green fodder, and although it is not essential, it is an excellent 
dairy feed. THe food needed for different types of dairy stock 
should be carefully worked out, and adjusted to their needs- 
according to the milk they are giving, and it will naturally be 
u 



3o6 


FEEDING OF FARM ANIMALS 


affected by economic considerations based on the cost of locally 
available feeding stuffs, and by considerations of the value as 
indicated in Chapter XVI, on the Economics of Feeding. Some 
of the special advantages or disadvantages which some of these 
feeding stuffs offer for dairy cattle may now be considered. 

Cram 

Gram is one of the staple concentrates for dairy cattle as 
it is rich in digestible protein, and although low in calcium; it is 
rich in phosphorus, and is usually available everywhere at a 
reasonable price. 

Bran 

Bran has special merits. It is a somewhat laxative and 
bulky material and its special value is on account of these pro- 
perties rather than the actual amount of nutrients it yields. It 
is richer than most grains in protein; and high in phosphorus, 
although its calcium content is low. It is usual to feed bran in 
conjunction with other concentrates up to about one third of the 
whole. 

Arhar (tur) 

Arhar is of approximately the same feeding value as gram 
but considerably cheaper and may replace most of the latter, 
'where available, such as in the United Provinces and soudi 
India. 

Cotton seed cake 

Cotton seed cake is one of the most valuable proteui feeds for 
dairy stock; it contains a high percentage of cHgestible protein 
of good quality, is comparatively cheap, and can be fed safely 
to dairy cows for long periods as a sole concentrate provided 
**plenty of good quality roughage is available. In feeding trials 
conducted at Lyallpur no ill effects have been produced by feed- 

3 either decorticated or undecorticated cotton seed cake to 
y grown cows for long periods. Not more than 2 lb. should 
4)e given per day to heifers, or 6 lb. for medium yielding milch 
4COWS. Undecorticated cake should not be given to calves. It is 
*cwe satisfactory to combine cotton seed cake with other con- 
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centrates as theie may be a tendency, if fed in too large 
amounts, for die butter to be somewhat hard. 

Cotton seed 

Cotton seed as such is usually dearer than cake, and con- 
tains much more fat or oil (and the undecorticated cake much 
more fibre). The seeds should be crushed and soaked or merely 
soaked before feeding. They are however a rich protein feed 
and may safely be fed up to 5 or 6 lb. per head per day to 800 
lb. cows when combined with bran and gram. 

No bad effects have been noticed on the butter or ghee made 
from buffaloes’ milk by feeding as much as 10 lb. of either desi 
or fuzzy American cotton seed daily for several months at a time. 

Oats^ barley and wheat 

Oats, barley and wheat are not usually fed to dairy cattle 
in India, but when they are used they should be ground to a 
medium fineness before feeding. All are much relished by 
cows and may take tl>e place of an equivalent amount of maize. 

Linseed cake 

Linseed cake (or meal) is very valuable for dairy stock, both 
on account of its richness in protein and because it is palatable 
and slightly laxative. It may usefully be employed to make up 
from 5 per cent to 10 per cent of the concentrate part of the 
ration. It contains somewhat less protein than cotton seed cake, 
the oil helps to produce a soft butter, and it is thus useful when 
fed with rations which tend to have an opposite effect. On 
account of the high conditioning value of linseed cake and meal, 
it may pay to use these in moderate amounts, even when cheaper 
cakes such as cotton ‘^eed cake are available. 

Ground nut cake 

Ground nut cake is a rich and palatable protein food and 
should be used, to begin with, only in small quantities, but may 
be gradually increased to not more than three or four pounds 
per head per day. If given in larger quantities it tends to msJke 
a soft butter, if too much fat is left in the cake due to crude 
methods of extraction. Some people hold that this cake taints 
the milk and butter. 
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Til cake and toria cake 

Til cake and toria cake are cheap and of approximately the 
same feeding value as cotton seed cake. They may be fed to 
dairy cattle as substitutes for the latter, but they contain a some- 
what lower percentage of -digestible protein. 


Succulent feeds 

Succulent feeds should form part of dairy rations whenever 
possible. They have a slight laxative effect, are palatable, and 
induce cows to eat a laigcr amount of dry roughage than they 
otherwise would. They are not absolutely necessary, however, 
provided plenty of rich grass or legume hay is available, but 
should always be used when high priced concentrates such as 
bran or linseed cake, valued for their laxative properties, are not 
available. Whether silage should be fed to dairy cattle will be 
largely governed by local circumstances and farm economy. 
Well prepared silage constitutes a very valuable succulent feed, 
especially for those periods when green fodder is scarce. 

All green fodders provide carotene, which is essential for all 
farm stock, particularly pregnant females. 

Green Todders specially suitable for dairy stock in India 
during the summer are: — ^maize, a mixture of jowar [cholam) 
and guar a y berseem which is especially rich in calcium, and senji 
during the winter months. Sarson and turnip tops are also valu- 
able winter succulents. In circumstances when" green cultivat- 
ed fodders cannot be obtained, good quality dhub and anjan 
graiss may take their place in proportionate amounts, although 
these grasses are richer in protein and total dry matter. 

If green fodders such as maize, or mixtures of tjouiar and 
guara are fed towards the end of the growing season they become 
very similar in nutritive value to ordinary dry roughages, espe- 
cially in fibre content, and at this stage they may replace most of 
the usual dry roughages of low quality in the rations. Dry 
roughages should always be fed with green berseem and senji, 
as tihe latter, if fed a? a sole roughage, are too laxative and may 
cause tympany. 

Bajra (cumbu) is extensively used for dairy cattle over most 
of north and south India. 
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Dry roughages 


Wheat BHUSA 

Wheat bhusa is one of the staple roughages for dairy' cattle 
in wheat tracts^ but it is low in protein and minerals, and does 
not by itself constitute a maintenance ration. It may be given 
as part of the total roughage to make up the bulk of dry matter 
needed. 

maize and jowar (cholam south India^ chari north 
India) stalks 

These may replace wheat bhusa^ but should usually be 
chopped before feeding. Neither constitutes a maintenance 
ration alone. In Madras cholam stalks are fed whole. 

Rice straw 

Rice straw largely takes the place of wheat bhusa in Bengal, 
south India and east of the Central Provinces. It is also fed in 
certain other parts of India and fonns the staple ration of most 
cattle in Kangra in the Punjab-. It is low in protein and minerals 
and is not a maintenance ration, particularly for animals which 
are not accustomed to it. 

Silage 

Silage is not used to as great an extent in India as it might 
he, although maize and oats silage either separately, or better 
still mixed, is a succulent and highly valuable feeding stuff for 
dairy cows and can be made available throughout the year, 
especially when other green fodders are scarce. 

Henry and Woll [ 1888-89], have recorded that they obtained 
a much greater feeding value for dairy cattle from an acre of 
mai^e when ensiloed, than when the same crop was dried and 
fed as hay, and that an average of 7.4 lb. more milk was obtain- 
ed from each 100 lb. of dry matter in rations containing silage, 
than in those containing maize hay — even When silage formed 
only a part of the roughage in the ration. 

Maize silage has been found in certain American trials t<l 
increase the production of milk by nearly 10 per cent, and the 
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fat nearly 6 per cent, when fed as a part substitute for lucerne 
hay in a : at ion of lucerne hay and concentrates. The amount 
of silage which may be fed to cows varies, but in trials at Lyall- 
pur up to 50 lb. have been fed per day to dairy’ cattle jf 900 
lb. weigiit, and replaced about 18 lb, of good hay. A satisfac- 
toiy amount is about three pounds of silage and one pound of 
hay per 100 lb. body weight. 

There are many other crops, such as jowar {chari, north India, 
cholam, south India } in its early stages, pasture grasses, berseem, 
etc., which can be used for making silage, and tiie dairyman 
will have to decide for himself whetlier it will pay him to ensile 
his fodder crops or not. Silage should always be fed after 
milking as it is inclined to impart an odour and taste to the milk 
if fed before milking. 

Details for making silage have been given in Chapter VIL 


FEEDING BEFORE AND AFTER CALVING 
Before calving 

Cows should, whenever possible, be dried off about from 6 
to 8 weeks before calving to enable the body to provide for the 
developing foetus and to recover losses in fat, protein, and 
minerals, which may have resulted during the previous lacta- 
tion, especially if this has been heavy. Proper feeding during 
the dry period is essential to enabl these replenishments to take 
place, and to get cows in proper condition for calving and to 
enable them to stand the strain of the next lactation. Some 
dairymen are in the habit of easing off feeding some weeks 
before calving on the assumption that this will lessen the tendency 
to milk fever, but the general consensus of opinion, based on 
many trials carried out in America and England, is that the in- 
cidence of milk fever is not likely to be any greater if cows are 
specially well fed — or flushed as it is called — ^prior to calving. 
Therefore ffie more common practice is to feed an extra supply 
of concentrates and high quality roughage, and to include in the 
former some laxative feeding stuffs, such as bran and linseed 
cake, for the last week or two before actual calving. 
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The question of precisely how much food to give during the 
pre-calving period is somewhat complicated, as a cow has to pro- 
vide for the developing foetus, and she may also be giving milk 
almost up to the time the calf is bom. While a cow is still 
giving milk she may be fed according to the standards required 
maintenance and the milk produced. The allowance of 
3.5 lb, of total digestible nutrients per day for, say, the first 
gallon of milk is generally considered more than ample, al- 
diough it should not be lower than this p'lo rata for additional 
milk. 

To be on the safe side, an additional i lb, of total digestible 
nutrients per day may be allowed for the developing foetus. 

Thus an 800 lb. cow in calf and giving 2 gallons of milk per 
day would need: — 



Total digestible 

Digestible 


nutrients. 

protein. 


lb. 

lb. 

For maintenance 

6.19 

0.46 

For milk production 



(5.0 per cent fat). 

7.14 

0.9S 

For the calf 

.. 1. 00 

0.20 

Total 

14.33 

1.62 


Suitable rations common to north India which would pro* 
vide these requirements are given below: — 


TABLE II 




Total digestible 
nutrients, 
lb. 

Digestible 

protein. 

lb. 

Maize green 

• * 

60 lb. 

9.00 

0.60 

Wheat bran 

* * 

4 lb. 

2.84 

0.36 

Gram 

, , 

2 lb. 

1.60 

0.24 

Toiia cake 

* * 

li lb. 

T.I I 

14-55 

0.45 

£.65 
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Berseem ^reen 


Total digestible 
nutrients, 
lb. 

60 lb. 6.0 

Digestible 

protein. 

lb, 

1,32 

Wheat bhusa 

, , 

6 lb. 2.7 

Bran 

. , 

2 lb. 1 .4 

0.18 

Maize 


& lb. 4.3 

0.30 



14.4 

1.80 


For south Indian conditions the following rations would pro- 
vide the same amount of nutrients: — 





lb. 

lb. 

Cumbu green 

. . 

60 lb. 

7.72 

0*55 

C ho lam straw 

. . 

5 lb. 

2.20 

0,02 

Cocoanut cake 


3 lb. 

2-04 

0.38 

Cotton seed meal 


2 lb. 

1.88 

C -57 

Rice bran 

•• 

3 lb. 

1.09 

0.12 




14-93 

1.64 




lb. 

lb. 

Cholam green 

, , 

50 lb. 

9-68 

0.50 

Kollukottai grass 





hay (anjan) 

, , 

3 lb. 

1.70 

0.25 

Ground nut cake 

, , 

2 lb. 

1.70 

0.84 

Gram husk 

•• 

2 lb. 

1.06 

— 




14.14 

1-59 


In the weeks immediately prior to calving, these amount 
may be exceeded, and protein rich concentrate with cereals and 
plenty of good hay, preferably legume hay, should be given. 

good roughages are available the protein in the con- 
centrate part of the ration should be around lo per cent to 12 
per cent but if poor protein roughages are used the concen- 
trates should contain not less than 16 per cent of protein. 

A cow has to provide for the skeleton of the developing 
foetus, and the ration must be sufficiently rich in ^calcium and 
phosphorus, and also in vitamins'A and^D, when^tbe full benefit 
of the sun cannot be obtained. Well cured legume hays such 
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as berseem and lucerne are excellent, but if they are not obtein- 
able, and the cereal and concentrate mixture does not contain at 
least one quarter of its bulk made up of phosphorus rich feeds, 
such as cotton seed cake or bran or linseed meal, one pound of 
high quality bone meal should be added to each lOO lb. of the 
concentrates. A suitable mixture for a cow, if dry prior to caiv* 
ing, could be made of the following: — 

lOO lb. ground maize, 8o lb. crushed gram, lOO lb. of 
wheat bran and 8o lb. of linseed cake. 

From three to four pounds of such a mixture per day, with 
plenty of lightly cured roughage or green fodder, should be suffi* 
cient for a cow in good condition, but this amount may be con- 
siderably increased if she needs conditioning prior to calving, 
when as much as 6 or 8 Ib. of concentrates may be fed. If 
cows are well fed prior to calving they are much more likely to 
stand the strain and give good yields of milk soon afterwards. 

Feeding at, and after calving time 

Cows should be kept in the stalls a day or two before calving, 
and should be given a warm bran mash or saline laxative if there 
are any signs of constipation. The food may be cut down some- 
what at the actual time of calving, and for the first day or two 
afterwards should be decidedly laxative and moderate in amount, 
up to about one pound, say, of the concentrate mixture. After 
the first day the amount of concentrates may be gradually in- 
creased, so that after a week or two low producing cows will 
be getting the maximum they need for their milk yields. High 
producing cows may take as long as three weeks to attain their 
maximum concentrate feeding stage, and this should then be con- 
tinued in accordance with the combined needs of the cow for 
maintenance and milk production. 

Cows should not be kept on short rations longer than neces- 
sary, but when they are well under way the total digestible nutri- 
ents may be augmented by about i lb. per day over and above 
the stipulated amount to see if they respond by a further yield of 
milk. If they do, the extra amount should be kept up or even 
slightly exceeded. When the cows have ^finally settled down^tO' 
theii^ Maximum "yields* they 'may lie feH according to standard 
requirements. It should be possible to keep heavy yielding 
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cows in good condition by proper feeding, but in the case of some 
exceptionally heavy milkers it may be difficult to feed the amount 
of nutrients needed. Such cows are likely to show the strain, 
any may suffer from abortions and premature death. They 
should therefore be given as long a dry period as possible be- 
tween calvings which should not be too frequent. Good balanced 
feeding in the dry period should help to enable them to stand 
the strain better than if they are kept on short rations. 

MAINTEmNCE RATIONS AND RATIONS FOR MILK PRODUCTION 

From the digestibility trials vvhich have been conducted at 
Lyalipur during the last 20 years on heifers and resting bullocks 
a number of charts, or curves, has been prepared showing the 
amounts of digestible protein and total digestible nutrients which 
animals of different weights require for maintenance. 

In order to remind the reader what a maintenance ration 
is, it may be recalled that in the resting condition all the meta- 
bolic processes continue to function, heat is evolved, and a cer- 
tain amount of body tissue broken down as a result of the 
activities of the various organs, A certain amount of energy is 
thus required to balance this expenditure of energy. Certain 
other needs also have to be provided for, such as a moderate 
amount of exercise and so forth. A maintenance ration there- 
fore, forms the basis upon which additional rations are com- 
puted for work and milk production. Figure 10, (page 317) 
shows the digestible protein and total digestible nutrients required 
for maintenance for Sahiwal heifers of different weights. For the 
sake of comparison a corresponding curve evaluated from Morri- 
son’s standards (see Appendix I) is shown on the same chart. The 
data shown in this curve represent, as far as the author knows, 
the first effort to compute definite feeding standards under 
Indian conditions. Many years have been taken to collect these 
data but the number of animals worked with and the number 
of trials it has been possible to conduct are small in comparison 
wiffi the very large number of animals employed and the trials 
conducted in foreign countries, from which ihe xasual feeding 
standards have been computed. These foreign standards have 
hitherto been used in India for such scientific computation of 
rations as is employed on large Government and private dairy 
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It is to be hoped that in course of time a more complete set 
of data will be worked out for Indian cattle on Indian feeding 
stuffs. It may also be recalled that although very complete data 
for cattle have been worked out in foreign countries very littlCj 
if any, work has been done to obtain corresponding information 
for other classes of farm stock. The feeding standards given 
l)y Morrison for animals other than cattle are to some extent 
empirical, as they have been worked out in large degree from 
digestibility data regarding the feeding stuffs from trials on 
cattle. 


Computation of nations for a dairy cow weighing 800 Ih. and 
giving 24 lb, of milk per day 


In computing rations for dairy cows it is first necessary to 
ascertain the various nutrients required for maintenance, quite 
apart from the milk yield, and then add the additional nutrients 
required per pound of milk in accordance with the accepted 
standard. 

For example, the amounts of digestible protein and total 
digestible nutrients required for an 800 lb. dairy cow per pound 
of milk produced as determined for Sahiwal cows at Lyallpur are 
shown below. The amounts required according to the Morri- 
son standard are shown for comparison: — 


Lyallpur 

Morrison 


Total digestible 
nutrients. 

lb. 

0.357 

0.353 to 0.373 


Digestible 

protein. 

lb. 

0.048 

0.046 to 0.056 


Therefore the total amount of nutrients needed for the pro- 
duction of 24 lb. of milk will be. on the basis of the Lyallpur 
figures: — 


Total digestible 
nutrients, 
lb. 

8.57 


Digestible 

protein. 

lb. 

1. 152 


If, therefore, these respective figures are added to 6.19 Ib^ 
of total digestible nutrients, and 0.463 ib. of digestible protein 
required for maintenance for a cow of this weight it is necessary 
to find a suitable ration which will provide: — 
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Total digestible 

Digestible 


matter. 

nutrients. 

protein. 

Lyallpur 

lb. 

lb. 

lb. 

For maintenance 

For producing 24 lb. 

lO-OS 

6.19 

0.463 

of milk 

10.00 

8.57 

1. 152 

Total requirements 

Morrison 

30.06 

14.76 

1.615 

For maintenance 

For producing 24 lb. 

18.00 

6.53 

0.53b 

of milk 

10.00 

8.71 

1.264 

Total requirements 

28.00 

15.24 

1.800 

The two sets of figures 

are thus 

very similar, 

and the re- 


.quired ration may be computed according to the Lyallpur 
standard. 

Assuming that the rations available are those shown in the 
table below, in which the quantities of dry matter, total digestible 
nutrients and digestible protein, per lb. of each are given, it is 
possible by a little arithmetical jugglery to ascertain how much 
^f each will meet the cow’s requirements and provide 20 lb. 
•dof dry matter in the ration per day. 


TABLE III 



Dry 

Total 

Digestible 


matter 

digestible 

protein per 


per lb of 

nutrients 

lb. of the 


the feed 

per lb. of 
the feed 

feed. 

roughages 

lb. 

lb. 

lb. 

1 . Wheat hhusa 

0.92 

0.45 

nil 

c. Oat hay 

0.93 

0.48 

0.022 

3. Bcrseem hay . 

0.87 

0.50 

0.097 

4. 

0.9^1 

0.43 

0.031 

5. Rice straw 

•6. Anjan or Kollukoitai 

0.94 

0*39 

0.002 

grass hay 

0.95 

0.34 

0.050 
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3i8 feeding of far:^i animals 


Green fodders 


1. 

Berseem 


0.15 

O.IO 

0,022 

2. 

Oats 


0.16 

O.IO 

0.012 

3* 

MaL'e 


0.21 

0.15 

0.010 

4* 

Bajra 


0.22 

0.13 

0.009 

5 - 

Jowar 


0.40 

0.2X 

0 008 


Concentrates 





I. 

Gram 


0.92 

0.80 

0.120 

2. 

Arhar 


0.90 

0.67 

0.180 

3 - 

Toria cake 


0.92 

0.74 

0.300 

4 - 

Wheat bran 


0.93 

0.71 

0 090 

5- 

S arson cake 


0.93 

0.82 

0.260 

6. 

Cotton seed cake 


0.92 

0.57 

0.180 

7. 

Cotton seed 


0.94 

0,70 

0.120 

8. 

Maize grain 


091 

0.71 

0.050 

9- 

Gram husk 


0-93 

0.53 

— 

10, 

Rice bran 


0-93 

0.54 

0.060 

1 1. 

Ground nut cake 


0.93 

0.85 

0.420 

12. 

Cocoanut cake 


0.92 

1.02 

0.190 

J3- 

Rape cake 


0.93 

0*93 

0.2B0 

14, 

Linseed cake 


0*94 

0.75 

0.230 


Suppose it is decided to select at random the following ration 
^or north India, 


TABLE IV 




Dry 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

lb. 

Wheat bhusa 

2 lb. 

1.84 

0.90 

— 

Mzdze green 

100 lb. 

21.00 

1500 

1. 000 

Wheat bran 

4 lb. 

3-72 

2.84 

0.360 

Gram 

2 lb. 

1.84 

1.60 

0.240 

Toria cake 

2 Ib. 

1.84 

1.48 

0.600 



30,24 

21.82 

2.200 


It will be seen that this is not a well balanced ration, as it 
is too bulky on a dry matter basis, and far richer in total digesti- 
ble nutrients and digestible protein than is needed accbrding to 
the standard. Therefore, if the bulk of the ration is reduced by 
cutting down the green maize from lOo lb. to 6o lb. and eli- 
minating bhusa entirely, the following ration is obtained which 
is quite satisfactory on the whole ; the digestible protein is slight- 
ly in excess, which is an error on the safe side: — 
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TABLE V 


Maize green 

6o lb. 

Dry 

matter. 

lb. 

I 2 . 6 o 

Total digestible 
nutrients, 
lb, 

9.00 

Digestible 

protein. 

ib. 

0.60 

Wheat bran 

4 lb. 

3-72 

2.84 

0.36 

Gram 

2 lb. 

1.84 

I. bo 

0.24 

0.60 

'Iona cake 

2 Jb. 

1.84 

^ 1.48 



20.00 

14.92 

1.80 


Reducing the Cost of the Ration 

The cost of the available rations is always an important point 
to be taken into account in deciding what rations to feed in 
order to provide the necessarv nutrients. Some of the concen- 
trates such as gram and toria cake mentioned above are expen- 
sive, and, to obtain a cheaper ration, they may be replaced by 
Jess expensive items. I’he tollowmg table shows a computation 
for a ration containing arhar and cotton seed cake giving approxi- 
mately the same nutrients as shown in table V above: — 


TABLE VI 




Dry 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

Jb. 

Maize green 

60 lb. 

12.60 

9-00 

0.60 

Wheat bran ' 

4 lb. 

3-72 

2.84 

036 

Athar 

2 lb. 

iSo 

1*34 

0.36 

Cotton seed cake 

2 lb. 

1.84 

1.14 

0.36 



1996 

14.32 

1.68 


This ration, using cotton seed cake instead of toria cake, andl 
mhar instead of gram, is almost identical with the ration given 
in Table V, as far as the various nutrients are concerned, Si of 
which, as in the preceding example, have been worked out from 
aictnal digestibility trials at Lyallpur. 

Other rations may be computed in exactly the same way. 
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Some Winter Rations suitable for north India for 
AN 800 LB. Dairy Cow giving 24 lb. Milk 

Berseem is available in winter and a winter ration selected 
at random is showix in the table below: — 




TABLE VTI 





Dry 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

lb. 

Wheat bhusa 

»» lb. 

5*52" 

2. 70 

— 

Berseem green 

60 lb. 

9.00 

6.00 

1.32 

Bran 

4 lb. 

3*72 

2.84 

0.36 

Arhar 

2 lb. 

1.80 

1-34 

0.36 

Cotton seed cake 

2 lb. 

1.84 

1. 14 

0.3& 



21.88 

14.02 

2.40 


It will at once be seen that this- is not a strictly, well balanced 
ration according to ihe standard, as the digestible protein is 
'higher than necessary, although the total digestible nutrients are 
approximately correct. The protein rich arhar grain may there* 
fore be replaced by maize, when the following ration results:— 


TABLE VIII 




Dry 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 

{ 


lb. 

lb. 

Ib. 

Wheat bhusa 

6 lb. 

552 

2.70 

— 

Green berseem 

60 lb. 

9.00 

6.00 

1.32 

Bran 

4 lb. 

3-72 

2.84 

0.36' 

Maize 

2 lb. 

1.82 

1.42 

o.ro 

Cotton seed cake 

2 lb. 

1.84 

1. 14 

0.36' 



21.90 

14.10 

2.14 


This table reveals that this ration is normal as regards dry 
matter slightly lower in total digestible nutrients and still some- 
what high in digestible protein compared with the standard but 
"it should be slightly cheaper than the ration given in Table VIL 
It should prove quite satisfactory but the following is suggested 
as a further alternative: — 
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TABLE IX 




Dry 

Total 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

lb. 

Wheat hhusa 

8 Ib. 

5.66 

3.60 



Berscem green 

6o lb. 

9.00 

6.00 

1.32 

Maize grain 

6 lb. 

4.46 

4.26 

0.3a 

Wheat bran 

I lb. 

0.90 

0.71 

0.09 



20.02 

14-57 

1. 71 


This ration is also well balanced for all nutrients, and is the 
cheapest of the three winter rations so far described. 

The following rations may be suggested for the eastern pro* 
vinces, where rice straw is the staple dry roughage: — 






Dry' 

Total digestible 

Digestible 





matter. 

nutrients. 

protein. 





lb. 

lb. 

lb. 

Rice straw 

6 

lb. 


5.64 

2.34 

0.012 

Jowar green 

30 

lb. 


8.00 

6.20 

0.016 

Rape cake 

4 

lb. 


3-72 

3-72 

1.420 

Rice bran 

2 

lb. 


1,83 

1.08 

0.120 





19-19 

13-34 

1.568 

Some rations for 

use in south 

India, where cholam, cumhu 

and paddy straw 

arc 

‘ used 

as cattle fodder, arc suggested: — 





TABLE X 






Dry 

Total digestible 

Digestible 





matter 

. nutrients. 

protein- 





lb. 

lb. 

lb. 

Cumhu green 


60 

lb. 

13.20 

7.72 

0*55 

Cholam straw 


5 

lb. 

4.00 

2,20 

0.02 

Gocoanut cake 


2 

lb. 

1.80 

2.04 

0.58 

Cotton seed meal 

2 

lb. 

1.80 

1.88 

0.57 

Rice bran 


2 

lb. 

1.86 

1-09 

0.12 





22.66 

14-93 

1.64 


V 



FEEDING OF FARM ANIMALS 


522 




TABLE 

XI 





Da\ 

Total digestible 

Digestible 




matter. 

nutrients. 

protein. 




lb. 

lb. 

lb. 

Cholam giecn 

30 

lb. 

14.00 

9.68 

0.50 

KoUukottai 






grass ha\ 

5 

lb. 

4-75 

1.70 

0.25 

Ground nut cak( 

^ 2 

lb. 

1.86 

1-79 

0.84 

Gram husk 

2 

lb. 

1.86 

1.06 





22.47 

14-23 

1-59 

It may be of 

interest 

now to 

select a few' typical rations 


which arc fed in well established dairies in India and compare 
them with the examples previously given. 

Example o. i 

The following represents an average early winter ration for 
an 800 lb. dairy cow^ giving 24 lb. milk per day, given in the 
Agricultural College Dairy at Lyallpur: — 


Roughages 

Wheat bhusa . . . . . . . . 3.4 lb. 

Berseem ha^ .. .. .. .. 1.2 lb. 

Berseem green . . . . . . . . 68.3 lb. 

Maize green . . . . . . . . 4.5 lb. 

Concentrates 

Bran . . - . . . . . . . 5.95 lb. 

Gram . . . . . . . . . . 3.45 lb. 

Toria cake . . . . . . . . . . 2.50 lb. 


This ration may be set out in tabular form thus: — 



TABLE 

XII 




Drv 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

lb. 

Wheat bhusa 

3.4 lb. 

3-13 

1*53 

— 

Berseem hay 

1.2 lb. 

1.04 

0.60 

o.i 16 

Berseem green 

68.3 lb. 

10 25 

6-83 


Maize green 

4.5 lb. 

0-95 

0.68 

0.045 

Bran 

5-95 Ih- 

5 53 

4-23 

0*536 

Gram 

5-45 lb. 

3-17 

2.75 

0.414 

Toria cake 

2.50 lb. 

2.30 

1.85 

0.750 



26.37 

18.48 

3.360 
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It is known irom the re&ults of experimental trials at byall- 
pur that an 800 lb. cow giving 24 lb. of milk needs approximate- 
ly 14.76 lb. of total digestible nutrients and 1.615 lb. of digestible 
protein and ig to 20 lb. of dry matter per day. 

The above lation therefore appears to be unnecessarily rich, 
containing 3.72 lb. and 1.745 respectively of total digestible 
nutrients and digestible protein, and 6 lb. of dry matter in excess 
of the standard. 

Several alternatives therefore may be suggested for levelling 
it down to the standard: — 

1 . Cutting out entirely berseem hay and green maize. 

2. Eliminating the berseem hay and reducing the green 
berseem to 60 lb. per head per day. 

3. Gutting out the wheat bhusa and berseem hay, and 

4. Reduc ing the concentrates. 

Tlic amended ration is then: — 

TABLE XIII 

Drv Total Digestible Phosphoi us Calcium 
matter, digestible protein. as P^Or, as CaO 
nutrients. 




lb. 

lb. 

lb. 

gIBS. 

gin>. 

Wheat hhusa 

4 lb. 

3.68 

2.20 

— 

1.50 

4.60 

Berseem green 

60 lb. 

9.00 

6.00 

1.32 

18.27 

108.82 

Maize green 

5 lb. 

1.05 

0.75 

0.05 

2.00 

0.56 

Bran 

6 lb. 

548 

4.2b 

0.54 

43.15 

7.12 

Gram 

I lb. 

0.92 

0.80 

0.12 

1.82 

0.41 

Toua cake 

I lb. 

0.92 

0.74 

0.30 

4.62 

12. 1 r 



21.05 

14.75 

2.33 

71.36 

133.62 


This is an improvement, although the digestible protein is 
still on the high side and the calcium and phosphorus are more 
than sufficient. 

Example \c?. 2. 

A typical ration fed in the Military Dairy Farms to an 800 lb. 
cow giving 24 lb. milk per day is the following: — 


Green maize 


, . 



. . 63 ib. 

Wheat hhusa 


. ^ 



3 lb. 

Wheat bran 


, , 



5 lb. 

Gram 


. . 



I lb. 

Tona cake 





. . 2 lb. 
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When set out in term'^ of dry matter^ total digestible nutrients 
and digestible protein this shows: — 


TABLE XIV 




Dry 

Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb 

lb. 

lb. 

Green raaize 

63 lb. 

13-23 

9-45 

0.630 

Wheat bhusa 

3 lb. 

2.76 

1*35 

— 

Wheat bran 

5 lb. 

4-65 

3-55 

0.450 

Gram 

I lb. 

0.92 

0.80 

0.120 

Toria cake 

2 lb 

1.84 

1.48 

0.600 



23.40 

16.63 

1.800 


This ration is also somewhat richer in total digestible nutri- 
ents and digestible protein than the Ly allpur standard by 1.87 
lb. and 0.185 lb. respectively. To bring it nearer this standard 
the gram might be eliminated, or half the gram and half the 
toria cake, or the bran may be reduced by 2 lb. 

The examples given above are intended to illustiate how 
rations for milch cows may be computed in accordance with 
standard requirements, but they are not necessarily meant to 
represent absolute data and may be varied according to the 
breed of the cow, geographical and climatic factors and prac- 
tical experience. 


The inclusion of Roots and Silage in the Ration 

So far, the computation of rations containing green fodders 
has been described, but roots and silage may be included in the 
ration, as a part or whole substitute for the green fodder, pro- 
vided a certain amount of good quality hay is included to cater 
for the vitamin and mineral requirements. An example will 
now be given to show how a ration for the dairy cow used in 
the above illustration may be computed when roots or silage 
take the place of green fodder. 

The requirements will be met by a ration containing turnip 
roots, ntade up as follows: — 
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Turnip i'oots 

50 lb. 

Dry 

matter. 

lb. 

4-75 

Total digestible 
nutrients, 
lb. 

4*25 

Digestible 

protein. 

lb. 

0.65 

B^rseem hav 

10 lb. 

8 62 

4.41 

0.62 

Maize grain 

4 lb. 

3.68 

2.84 

0.20 

Wheat bran 

4 lb. 

3.68 

2.84 

0.36 



20.73 

14-34 

1.83 


If oat silage is used instead of turnip roots the following 
ration may be suggested: — 

TABLE XVI 





Total digestible 

Digestible 



matter. 

nutrients. 

protein. 



lb. 

lb. 

ib. 

Oat silage 

50 Ih. 

11.98 

7-67 

0.21 

Berseem hay 

5 lb. 

4-31 

2.21 

0.31 

Bran 

3 lb. 

2.76 

2.13 

0.27 

Toria cahe 

3 lb. 

1-95 

2.30 

0.93 



21.00 

14.31 

1-72 


FEEDING OF YOUNG STOCK 

Various methods are employed in feeding newly born calves, 
and which of these should be followed will depend upon cir- 
cumstances and the particular object for which the calf is 
reared, z.c., whether as a milch cow, for meat production, or 
work. 

In India it is the common practice in villages to allow newly 
born calves to suckle their mothers during the whole lactation. 
This is the natural method and the best one for the calves, but 
it is somewhat expensive, and cannot usually be followed in 
dairies scientifically run for milk production. Some dairymen 
prefer to take the calves aw^ay from their mothers* directly they 
are born, while others prefer to allow' them to stay with the cows 
for several days before resorting to pail feeding. x\s far as pessi- 
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ble calves should always get the colostrum^ or first yielded milky 
as this protects them against diseases of the alimentary canal. 
They should then be continued on whole milk, either by suckling 
or by pail feeding^ for at least three or four weeks^ although^ S 
expense is no object^ this may be continued for as long as 6 
months. After the calves have had a good start on whole milk 
they may then be raised by several different methods. 


Pail-feeding 

Arrangements having been made for the calves to have their 
mothers’ colostrum^ they may be carefully schooled by hand to 
take milk from the pail until they have learnt how to feed 
themselves. 

During the fir-st few days of pail-feeding they should receive 
not less than about 5 lb. of milk per head a day, distributed in 
three feeds ; this may be increased gradually to a gallon or more 
per head per day till the calves are 3 months old, when not less 
than i|- gallons per day should be given. As a rule, it is not 
an economic proposition to continue whole milk feeding longer 
than a month, at which age -calves will be able to nibble hay and 
succulent fodders and take small quantities of crushed grain and 
finely ground cakes. 


Feeding on Separated Milk 

It may not be convenient to feed calves longer tlian a few 
weeks on whole milk, in which case a substitute has to be found. 
Separated milk may gradually replace part of the whole, three 
pounds of the former replacing two of the latter, until substitu- 
tion has been completed. Separated milk, however, has had 
most of the fat removed and contains less than skim milk, so 
some appropriate substitute will be needed to replace this. 
Finely ground meal, which should contain not less than 15 per 
cent fat may be used and some fish liver oil may also be given. 
Linseed contains about 34 per cent fat and the seed should be 
crushed and ^boiled, or boiled first and then crushed, when an 
excellent feed is obtained and this may be given at the rate of 
four ounces per head per day. 
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An alternative is to give a mixture made up of two parts 
of crushed gram^ one of bran and one of cake, in somewhat larger 
amounts of from 6 to 9 ounces per head per day to start with, 
this being gradually increased to two pounds at the end of the 
fourth month. 

The following four regimes for calves show the rations used 
for dairy calves at the Lyallpur Agricultural College Dairy^ 
those given at the Militarv Dairy Farms in India, those given 
in Bulletin No. 10 of the Ministry of Agriculture and Fisheries 
in England, and those followed at the Imperial Agricultural 
Research Institute. New Delhi, lespectively : — 


L Routi^t. followed in the Lyvllplr Agricvltural 
College Dairy 



ColosUum 

Whole milk 

Sepal ated 
milk. 

Concentiates. 

\ge 

lb. 

lb. 

lb. 

lb. 

First 5 da>s 

6-8 

— 

— 

— 

Upto 4th week 

— 

6-8 

— 

— 

5 th to 8 th week 

— 

8-10 


— 

9th to 12 week 

— 

8-10 

— 

— 

13th to 1 6th week 

— 

6 

8 

~ 

17th to 20th week 

— 

4 

8-12 

— 

Be\ond 20 weeks 

. . — 

No whole milk. 

10 if 

spare 

— 


All young stock under two years are fed in one lot and 
allowed 0.75 lb. of the following concentrate mixture with half 
an ounce of common salt, per head per day, and green fodder 
ad lib. 


Concentrate Mixtiae 
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Cake 

Oats or gram 
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^Standard fodder ration is the amount allowed for the maintenance of an 800 Ib. co%v takeh as a standard 
animal. (See Api>endix 2.) 
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IIL The following tabulated dietary is taken from 
Bulletin No. io. on Calf Rearing^ Published by the 
Ministry of Agriculture and Fisheries: — 

li/ week. Its own mother’s uarm milk three times a day, com- 
mencing with about 1 qt. and increasing to 2 qt. at each 
meal by the 3rd day. 

2nii week, 2 qt. of warm new milk (not necessarily its own 
mother’s) three times a day. 

3rd week, 2 pints of new and 3 pints of skimmed (or sepa- 
rated) milk with \ pint of linseed porridge or half a table 
spoonful of cod liver oil, three times a day. 

3th week, 3 qt, of warm skimmed milk, with 1 pint of linseed 
porridge or one table spoonful of cod liver oil three times a 
day, and a little sweet meadow hay, increased week by 
week. 

9th week. Mid-day milk and cream substitute omitted. 5 qt. 
of separated milk are given morning and evening and a 
handful of broken linseed cake, (6 oz.) at midday, and hay, 
increasing week by week. 

13^A week. Milk as before, | lb. mixed linseed cake and crushed 
oats, i gal. pulped swedes gradually increasing, hay ad lib, 

2lstweek, Milk as before, 1 lb. of mixed linseed cake and 
meal, increasing quantities of I'oots, hay ad lib, 

2ith week. Evening milk discontinued. 

21th week. Milk altogether discontinued. 

Note — Pound = 16 ounces Quart ~ 40 ounces. 

Pint = 20 ounces Gallon = 160 ounces. 
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IV. Details of Calf Feeding at the Imperial 
Agricultural Research Institi'tl, New Delhi. 



Age. 

Milk in 

lb 

Skim milk 
lb. 

Grain 

lb. 

Salt, 

ozs 

I 

week. 

i/ioth of the 
bodv weight. 

“ 

“ 

~ 

o 

weeks. 
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4 

j» 

5» 

a 
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Si 
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,, 
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33 
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Remarks: The calf is fed milk at bodv temperature fiom its own 
mother,^ three times daily, till it is one month old. If this is not possible 
then milk is given from any other cow in the chain of calvings The 
first feed is given two or three hours after birth. After a month it is 
fed twice daily. Lumps of rock salt are kept in the manger for the 
calves to lick at will. Immediately after drinking milk some common 
salt mixed with mineral salt is put into the mouth of each calf to prevent 
sucking in air. 
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It is essential that the dry feeding stuffs given during the 
separated milk period are easily digestible ; they should have 
a total digestible nutrient content of about 80 lb. and a digestible 
protein content of about 15 lb. per 100 lb. 

Thus 100 lb. of the mixture recommended above, viz- 2 
parts of gram, i of bran and i of linseed cake would contain : — • 

Digestible protein Total digestible nutrients 

lb. lb. 

14.1 78.4 

One pound of such a mixture is approximately equal in feed- 
ing value to five pounds of whole milk. Thus if the calf has 
been receiving from 2 to 2.5 gallons of separated milk, and i| 
pounds of the mixture, it will need about 3 pounds of the dry 
mixture by the time the separated milk is stopped. 

Skim milk, which contains more fat, may be used instead 
of separated milk, but it should be warmed before feeding and 
on no account be allowed to become stale. Separated milk is 
to be preferred, however, as it may be fed at once after separa- 
tion. 

Whey is also used to a considerable extent in India, but it is 
much lower in nutritive value than either whole milk or separated 
milk, as all the fat and most of the protein have been removed. 
Therefore, in order that whey may be equal in value to the 
original milk, it would be necessary to add some concentrate 
containing not more dry matter than the calf s digestive tract 
can cope with. For example, 10 lb. of whole milk con- 
tain about 2.1 lb. 'of total digestible nutrients, and 0.28 lb, 
of digestible protein, whereas the same amount of whey contains 
only 0.75 lb, of total digestible nutrients and 0.063 digestible 
protein. Therefore the additional concentrate must provide the 
difference between these, that is 1.4 lb. of total digestible nutri- 
ents and 0.27 lb. of digestible protein. The deficiency in 10 
lb. of whey could be made good by feeding approximately 1.5 
lb. of a mixture containing about 75 lb. of total digestible^ 
nutrients and lb. of digestible protein per 100 lb., but as it 
would be difficult for a calf to eat this amount, only about i lb,, 
should be fed with every ten pounds of whey to begin witti.. 
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Therefore the whey should be increased somewhat in order to 
balance the ration. 

Stock reared on whey will not maintain more than half the 
increase in weight of that of a calf fed on whole milk. A suit- 
able mixture which might be fed (i lb. per day with lo lb. of 
whey) to meet requirements for growth is the following: — 

1. Five parts of ground gram. 

Four parts of linseed cake meal. 

or 

2. Two parts of linseed cake meal. 

Two parts of ground maize. 

One part of oats. 

One part of cotton seed cake meal with about ^ ounce 
of best quality of bone meal. 

Whole milk should preferably be used for the first month or 
six weeks, and when whey is used the substitution should begin 
gradually, so that at the end of the first month the calf starts 
off with one pound of the dry mixture, and lo lb. of whey. This 
may be increased to about 2.5 lb. of the dry mixture and 18 lb. 
of whey at the end of the third month. After the third month 
the calf must be prepared gradually for the time when the whey 
and the supplementary concentrate fed with it will be changed 
to a more normal ration, of composition and nutritive value com- 
parable with whole milk. As whole milk is a natural food, it is 
better if the food to which the calf is now transferred be some- 
what richer in digestible protein than whole milk, containing, 
«ay, 20 lb. oi digestible protein per 100 lb. 

At this stage the following ration is recommended by the 
National Institute for Research in Dairying, England: — 


Linseed cake (broken) . . . . 3 parts. 

White fish meal . , , . i part. 

Crushed oats . . . . . . 4 parts. 

Maize meal . . . . . . 2 parts. 


Should fish meal not be available, crushed cottonseed cake 
and finely ground bone meal should be given to supply the 
necessary minerals. 

When the use of whole milk has to be curtailed at an early 
stage and calves are fed on milk substitutes such as the above, 
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they will not maintain the same initial rate of growth (2.5 lb, 
per day) as milk fed calves, but this can be made up to some 
extent by judicious feeding later on. In feeding for even- 
tual milk production, calves should not be given larger 
quantities* of milk substitutes and finely cut hay than their diges- 
tivd^ systems can cope with, as this will tend to make them pot- 
bellied, and affect their capacity for giving milk. 

During the transition period from milk to milk substitutes 
calves should always get sufficient water, which should be slight- 
ly warmed in cold weather. When calves are reared with 
separated milk and fat substitutes, the average increase in 
weight should be about 8-10 lb. a week, and with whey and 
protein supplements, somewhat less, but whichever system is 
adopted the calves must not receive any set back in early age, 
or this may permanently affect them later on. 


The National C-^lf Starter used in England during 
THE War 

During the War the Ministry of Food in England in colla- 
boration with the Ministry of Agriculture and Fisheries has 
evolved two special feeding stuffs for calves, known respectively 
as National Calf Starter Cudlets and National Calf Starter Gruel 
These feeding stuffs are prepared, used and sold under condi- 
tions strictly controlled by the Alinistry, which has kindly sup- 
plied the following data relating to these feeding stuffs: — 


yatwnal Calf Staitei Cudlets 

Gcneiat inshuctions fo) calf 'taisingi — 

1. Successful calf rearing depends on constant attention to detail. 

2. Feed at regular hours twice daih. 

3. Make changes gradually, adjusting to appetite, 

4. Ever\ calf must have its propier share of food. 

5. Feed milk or gruel at blood heat (about lOO^F). 

6. Scrupulous cleanliness of calf pens, pails and feeding troughs is 
essential. 

7. Ample clean drinking water must be provided as soon as neccs^ 
sarv. 
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Feeding chait 

io 4;th zceek. As for gruel feeding, but introduce a little good hav 
and a small quantity of cudlets during the 3rd week. The cudiets 
should be placed in the bottom of the pail after each feed of gruel, 
until the calf will feed from a tiough. 

^ih and 6th weeks. Give 4 to 5 quarts of gruel daily in 2 feeds. In- 
crease the cudlets to 1 lb. per calf daily by the end of the 6th week 
and continue to offer a little good hay. 
yth and 8th week^. Reduce the quantity of gruel gradually and give 
clean water to drink, allowing up to 6 quarts of liquid daily. Increase 
the hay and cudlets as the gruel is decreased. Allow 2 to 2^ lb. 
of cudlets by the end of the 8th week. 

After the 8th week calves can be reared on suitable dry con- 
.centratesj good hay, and water. A small allowance of green 
food or cut swedes or mangolds or turnips can be given from 
the 3rd month onwards. 


SprciJicatiotLs of ike Co. nposition of Xationd Calf Starter Cudlets 

Minimum percentage Maximum percent- 
Ingrcdicnts. b^ weight in the age by weight in 

completed compound. the completed 

compound. 


Dried whe\ powder 

29 

31 

Dried skim milk powder 

14 

16 

Linseed cake meal 

19 

21 

Linseed 

4 

6 

Cane molasses. 

4 

6 

Fish meal 

4 

6 

Wheat feed or feeding flour 

9 

II 

Oats 

9 

II 

Dried grass meal and/or dried lucerne 
meal having a carotene content 
of not less than 250 milligrams 

per gram 

2 

3 

Lime (calculated as Calcium 

carbonate ) 

I 

I' 

Salt (calculated as sodium 


chloride) ...... J i 

Provided always that — (a) the percentage by weight in the com- 
pleted compound of:— ~ 

(i) Oil shall not be less than 4-|% or more than 79 c. 

(ii) Crude protein shall not be less than 22% and not more than 

24 G’. 

(iii) Fibre shall not be more than ffr. 

(b) Dried grass meal or dried lucerne meal may be replaced by 1% 
controlled cod liver oil mixture and oats. 
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XatM ml Calf Starter Gruel 


Prepaiation of gruel 

The gruel should be juade up in the proportion of i Ib, of 
the meal to each gallon of clean water. 

Mix the required quantity of meal with sufficient cold water 
to make a thick pasic without lumps, then add more cold water 
up to 2 quarts of water to each lb. of meal used. Stir well and 
boil for at least 2 minutes. If all the gruel is to be used at one 
feed, thin and cool by adding 2 quarts of whaler for each lb. 
of meal and stir well ; the gruel is now ready for adding to milk, 
or for feeding without milk to the older calves. If enough gruel 
for tw’O feeds has been boiled at one time, half of it should be 
thinned and cooled for the first feed as above. The remaining 
half should be thinned and warmed by the addition of 2 quarts 
of hot water for each lb. of meal, when required for the second 
feed. 

Feeding chart 

ist.week. Colostrum for 3 to 4 clays, then 3 quarts whole milk daily 
in two feeds. 

2nd week. Give 3 to 4 quarts whole milk daily in two feeds. 

3rd and 4.ih weeks. Begin by giving 3 quarts whole milk with i quart 
gruel daily in two feeds and gradually increase the proportion of 
gruel, ending with i quart whole milk and 3 quarts gruel daily. 
Introduce a little good hay and a little dry concentrates, such as 
National Calf Starter Cudlets. Place a small handful of the con- 
centrates in the bottom of the pail after each feed of gruel, until the 
calf will feed from a trough. 

6th, and jth weeks. Give 4 to 5 quarts of gruel daily in two feeds. 
Increase the allowance of concentrates to i lb. per calf daily by the 
7th WTck, and continue to offer a little good hay. 

Sth, gfh and loth weeks. Reduce the quantity of gruel gradually, and 
give clean water to drink, allowing up to 6 quarts of liquid daily. 
Increase the hay and dry concentrates as the gruel is decreased. Up 
to 2 lb. dry concentrates can be given daily. 

After the 10 th week the calves can be fed on suitable dry 
concentrates, good hay and water. A small allowance of green 
food or cut swedes or mangolds or turnips can be given from the 
3rd month onward \ 
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Dry feeding 

If it is desired to reduce gruel feeding to a minimum, Natioinal 
Calf Starter should be obtained in cudlet form. This should 
be introduced in the 3rd week and can replace gruel entirely by 
the end of the 8th week. 


Specifications of the Composition of J\fational Calf Staitei Gniel 


Minimum 

Ingredients. by weig 

completed 

Dried whey powder 

Dried skim milk powder 

Linseed cake meal 

Fish meal 

Wheat feed or feeding flour 

Oats. 

Dried grass meal and/or dried lucerne 
meal having a carotene content of 
not less than 250 milligrams 
per gram 

Lime (calculated as calcium 
carbonate) 

Salt (calculated as sodium 
chloride) 


percentage 

Maximum percentage 

it in the 

by weight in the 

compound 

completed compound. 

29 

31 

14 

16 

29 

31 

4 

6 

9 

1 1 


11 




Provided always that — (a) the percentage by weight in the com^ 
pleted compound of: — 

(i) Oil shall nor be less than 4i% or more than 

(ii) Crude protein shall not be less than 22^/c and not moie than 

24% 

(iii) Fibre shall not be more than 5%* 

(b) Dried grass meal or dried lucerne meal ma> be replaced by 

1% controlled cod Hver oil mixture and il% oats. 

(c) The completed compound must be capable cf passing tluough 

a mesh of size equivalent to a B.S.S. No. 25. 


Feeding of Weanlings 

At approximately the age of 6 months milk and milk sub- 
stitutes may be changed for more normal growth producing 
rations, and the problem of selecting those which will provide the 
necessary nutrients for growth will then arise. 
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Fig II sliowft a typical growth curve for a Sahiwal calf 
at Lyallpur fed from the first month on whole milk, and then 
up to the age of 6 months on separated milk and a dry concen- 
trate. The average daily increase was approximately 0.9 lb. 
over the viiole period. It is possible to compute the amount 
of food needed for maintenance only, quite apart from growth^ 
by the aid of Rubner’s law. Thus, knowing the maintenance re- 
quirements of a calf which has attained its maximum weight oL 
say^ 600 lb., it is possible to calculate approximately the rhain- 
tenance requirements for animals of lower reeights. For example^ 
supposing the maintenance requirements of a 600 lb. animal are 
643 lb. total digestible nutrients^ the maintenance figure in total 
digestible nutrients for an animal 6 months old and weighing 
about 200 Ib. would be 2.88 lb. The maintenance require- 
ments in terms of total digestible nutrients may be woriced out 
in the same way for heifers of other weights. The digestible- 
protein requirements arc directly proportional to the body 
weight; therefore the maintenance requirements in terms of 
digestible protein for a 600 lb. animal being 0.552 lb. the corres- 
ponding requirements for a 200 lb. animal will be 0.184 

It is difficult to state with any degree of accuracy what the 
digestible protein requirement for growth actually is^ but about 
25 per cent of the increase in weight in young animals is protein^ 
and this rate of increase falls off somewhat as the animal 
matures. The following table [Ellis^ ^937] serves as an approxi- 
mate guide to digestible protein requirements from birth to 2 
years of age: — 


Age. 

Birth to 3 months 
3 to 6 months 
6 to 12 months 
12 to 24 months 


Pounds of digestible 
protein required per lb. 
of live weight inci'ease. 
0.417 
0-375 

0.333 

0.333 


In order to ascertain how much total digestible nutrients a 
calf needs for live weight increase at different ages^ Armsby 
carried out two different types of investigations, namely, ordin- 
ary^ digestion trials such as have been previously described f Chap- 
ter III ), and slaughter trials, in which animals fed on different 
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rationing scales were killed at different ages and the composi- 
tion of their carcases determined. Armsby interpreted his results 
in terms of Calories of nett energy required per lb. of live weight 
increase, as shown in the table below: — 


Average 


Composition of Increase. 

Energy content 

age. Days. 

Water. Ash. 

Protein. Fat. 

per lb. increase. 


Ce 

% 

9f 

Calories 

a 

62.55 

3-55 

19,24 14.86 

1136 

15 

61,28 

* 3*63 

i9-i5 15-94 

1182 

21 

62.13 

3-50 

17.15 17.22 

1186 


If Annsby’s Calorics arc divided by 1360 (one pound of 
starch yields 1360 Calories) the energy required can be stated in 
terms of Kellner’s starch equivalents, and by a simple calcula- 
tion these may be interpreted in terms of total digestible nutrients 
required per pound of live weight. Employing this method the 
writer has computed the following table which indicates approxi- 
mately the amount of total digestible nutrients required for 
Sahiwal calves at different ages and body weights: — 


Age. 


Birth to 3 months 
3 to 6 months 
6 to 12 months 
12 to 24 months 


Approximate 

weight. 

lb. 

60 - 140 
140 - 200 
200 - 325 
325 - 500 


Pounds of total 
digestible nutrients 
required per lb. 
live weight 
increase. 

1.5b 

iM 

2.50 

2.81 


The above constitutes a working basis on which rations may 
be computed for growing heifers. Thus, taking a 200 lb. heifer 
6 months old, and assuming that the daily increase in weight is 
approximately 1.5 lb., the total digestible nutrients and digestible 
protein required for maintenance must be added to the total 
digestible nutrients and digestible protein required for growth 
at a specified age. The requirements for maintenance and live 
weight increase of a 200 lb. calf calculated on the above basis, 
will be 0.60 lb. digestible protein and 5.76 lb. total digestible 
nutrients. 

The question of bulk also has to be taken into consideration. 
It is generally accepted that the amount of dry matter which a 
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calf is capable of dealing with without undue gastric distention, 
is 2.5 per cent of its live weight ; therefore a 200 lb. calf would re- 
quire 5.0 lb. of dry matter, and a calf weighing 300 lb. would 
need 7.5 lb. of dry matter. 

As these respective weights of dry matter should supply 5,76 
lb. of total digestible nutrients and 0.6 lb. of digestible 
protein in the first case, and 6.62 lb. of total digestible 
nutrients and 0.9 lb of digestible protein in the second, 
the ration must be reasonably concentrated, and there- 
fore, although the calf will be progressively able to eat more 
and more roughage such as hay, the nutritive requirements should 
be kept in mind in order to keep the ration properly balanced. 
Starchy foods such as the cereals will provide the total digestible 
nutrients, whereas more concentrated protein rich feed will pro- 
vide the digestible protein, and the relative amounts of each in 
the ration will be largely determined by the nature of the more 
bulky food. If a rich legume hay is fed as part of the ration, 
less protein rich concentrates will be needed, but if the hay is 
an ordinary grass hay of inferior quality, more must be given. 
Keeping in view the above considerations it is possible to com- 
pute some representative rations for a 200 lb. heifer at the age 
of 6 months, on the assumption that it is kept in good growing 
condition, and the following feeding stuffs are available: — 


Roughages 

Green berseem. 
Green maize. 
Green oats. 

Oat hay. 


Concentrates 

Gram. 

Wheat bran. 
Linseed cake. 


The 200 lb. growing heifer should get the following nutrients 
according to the standard outlined above — 


Total digestible nutrients. Digestible protein. 

5.76 lb. 0.60 lb. 

and rations, of which the following is a typical example, may be 
computed according to the illustrations already given: — 
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Maize green 25 lb. 

Concentrate mixture 2-| lb 
(Gram 2 parts, bran i paitt linseed 
cake I part). 


Total digestible 

Digestible 

nutrients. 

protein. 

lb. 

lb. 

3-75 

0.25 

2.01 

0-35 

5.76 

0.60 


Slightly richer rations would be required for calves being 
reared for beef than for those reared for milk or work. 

After the age of 6 months, if good grazing is available, the 
amount of stall fed concentrates may be diminished somewhat. 
In localities where rich dhub grass or legumes are available for 
grazing during summer, these may partly replace the roughage 
and concentrate which would otherwise have to be fed. In some 
circumstances rich grazing pastures alone may be sufficient to 
provide for maintenance ahd growth w^hen the pasture is at 
its optimum nutritive stage. Later on, when the animals revert 
to stall feeding during winter, it would be necessary to provide a 
winter ration consisting of hay, green fodder, grains and cake. 
Assuming that the heifers are 18 months old, and weighing about 
400 lb. each and still growing at the rate of 1,5 lb. a day, their 
daily requirements in total digestible nutrients and digestible 
protein would be 8.97 lb. and 1.20 lb. per head respectively. 
Some typical rations designed to provide these quantities of dry 
matter, total digestible nutrients and digestible protein are as 
follows — 


TABLE XVII 




Dry 

Total 

Digestible 



matter. 

digestibV 

protein. 




nutrient'.. 

f 



lb. 

lb. 

lb. 

Maize green 

30 lb. 

5*30 

4.50 

O.30 

Wheat hhusa 

2 lb 

X.84 

0.90 


S arson cake 

3 lb. * 

2.09 

2.46 

0,78 

Wheat bran 

1 lb. 

0.77 

1. 1 1 

0.12 



10 00 

8.97 

1.20 
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(a) Berseem green 30 lb. 

Wheat hhusa 2 lb. 

Cotton seed cake 3 lb. 

Maize grain i lb. 


4-50 , 

3.00 

0.46 

1.84 

0.90 

— 

2.76 

2.84 

0.54 

0.90 

1.23 

0.20 

ro.oo 

8-97 

1.20 


The object in feeding growing dairy heifers and young male 
stock is not to produce fat animals, but thrifty and well-con- 
ditioned ones, and the rations should be such as will avoid caus- 
ing undue distention of the stomach or the laying on of too 
much fat. Faulty and inadequate feeding in the early stages 
of an animal's life may impair its subsequent milk producing or 
working capacity. 


Feeding Buifalo Calves 

Buffalo calves should be fed on exactly the same lines cow 
calves, but as they arc, as a rule, of greater weight, their rations 
will need to be adjusted accordingly, age for age. In other 
words, the same feeding standards as previously given for cow 
calves may be employed for buffalo calves according to weight 
and daily live weight increases. 

FEEDING OF THE STUD BULL 

A young bull calf intended for the stud should be fed accord- 
ing to the principles laid down for female calves, but he should 
be allowed, if possible, a longer period on milk, which should 
not be curtailed too early and thus cause retarded growth, other- 
wise his efficiency as a sire may be ifnpaired. The bull calf will, 
as a rule, make somewhat greater live weight increases than a 
corresponding female calf of the same age, and hence should be 
fed at a somewhat higher nutritive level than the latter. If pro- 
perly fed, the bull should be ready for service at the age of 
about 2 years, according to breed, but his activities shotild be 
restricted somewhat to begin witli. When full grtfWn, he should 
be fed sufficiently well to keep him in good conation, but not 
excessively, so as to make him fat. Too great an allowance of 
dry roughages, or even silage, should be avoided, as these tend 
to depress his capacity for service. A bull docs not need as 
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much conccntxatcfe as a cow, and a good average ration to keep 
a bull in condition w’ould be approximately half the amount a 
milch cow gets, say 4-6 lb. of concentrates. 

It is essential that the bull when in service should be given 
rations rich in vitamins, particularly vitamin E. A useful ad- 
junct to the the ration is sprouting dhal or wheat grains. 

FEEDISG OF BULLOCKS FOR MALMEKANCE AXD WORK 

It is unfortunate that but little experimental work has so far 
been done on bullocks in India and practically none elsewhere 
in regard to scientific rationing, and exact information on the 
subject is scanty, as most English and American trials ha\'C been 
carried out on fattening animals for beef production and not 
for work. Some experimental work, however, has been done at 
Lyallpur during recent years on working bullocks, from which 
an approximate estimation of what rations thc\ require for 
maintenance and w’ork has been made. This work is still in 
progress [ 1943) and the conclusions arrived at must, in the 
meantime, be regarded avS tentative. 

Table XVIII show’s the maintenance requirements for 
bullocks as determined partly from experimental trials at Lyall- 
pur and paitly calculated from body weights in accordance witli 
Rubner’s surface law. ^Maintenance requirements of animals of 
various live weights arc proportional to their body surfaces. 
These are proportional to the two-third pow’crs of their live 
weights^ or the cube roots of the squares of the live weights.) 


IWBLE xvni 


M^IXTEXANCE RRqUIREMEXTS OF Bl LLOcivS 
Lyallpur) 


Body weii2:ht. 

Dry mattci 

Total digestible 
nutriente 

Digfstilde 

protein. 

lb. 

lb. 

lb. 

lb. 

C 500 

8.66 

4.52 

0.248 

Calculated -j 600 

( " 700 

990 

5.16 

0.284 

1 1.07 

5.78 

0.317 

( 

ExpCilthemal ^ 900 

J2.20 

6.37 


13-29 

6.94 

0.381 

( 1,000 

14.35 

7-49 

0,4x2 
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Therefore a 1,000 lb. Hksar bullock requires 14.35 
matter^ 7.49 lb. of total digestible nutrients and 0.412 Ib. of 
digestible protein. 

Working bullocks in the Lyallpur trials doing an average 
day’s work of 6 hours ploughing* were given the following sum- 
mer ration which was found to be satisfactory and the bullocks 
showed a positive d'^lly nitrogen balance. 





Total 

Digestible 



matter. 

digestible 

nutrients 

protein. 



lb. 

lb. 

Ib 

Wheat bhiisa 

5 ^h. 

4.60 

2.25 



Jozvar and guara 

25 lb. 

8.00 

4.00 

O.XI 

Giatn 

4 lb 

3-68 

3.20 

0.48 



16.28 

9-45 

0-59 


Therefore^ subtracting from these the amounts needed for 
maintenance^ the amounts of dry matter, total digestible nutrients 
and digestible protein required for work arc 1.93 lb., 1.96 lb. 
and 0.178 lb. respectively. 

Four other experimental rations which were tried were the 
following : — 




Dn* 

Total 

Digestible 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

(i) Wheat hkusa 

10 lb. 

9.20 

4-50 



Gram and wheat 

4 lb. 

3.66 

3.28 

0.36 



12.86 

7^ 

0.36 

(2) Wheat bhtisa 

8 lb. 

7-36 

3.60 


Jowar and guara 

15 lb. 

4.50 

2.42 

0 21 

Cram and wheat 





^ain 

4 lb. 

3-66 

3.28 

0.36 



Ij -52 

9-30 

0*57 
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(3) Wheat hhusa 

8 ib. 

7.36 

3.60 

— 

Jowar and gum a 

15 ib* 

4.50 

2.42 

0 21 

Gram 

I lb. 

0.92 

0.80 

0,12 

Cotton seed 

3 lb. 

2.76 

2.10 

0.36 



15-54 

8.92 

0.69 

(4) Wheat bhusa 

8 ib. 

7-36 

3.60 



Jowar and guara 

15 lb. 

4-50 

2.42 

0.21 

Bran 

I lb. 

0.93 

0.71 

0.09 

Cotton seed 

3 lb 

2.76 

2.10 

0.36 



15-55 

8.83 

0.66 

and a winter ration was : 



(5) Wheat hhusa 

7 lb 

6.44 

3 K } 

— 

Berseem green 

50 lb. 

7-50 

5*00 

1. 10 

Gram 

4 lb. 

3-68 

3.20 

0.48 



17.62 

11*35 

. 1-58 


The results of the five trials on summer rations are set out 
below to show the various quantities of dry matter, total diges- 
tible nutrients and digestible protein which each provides for 
work and maintenance: — 




Drv 

Total 

Digestible 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

I. 

» • 

. . 16.28 

9*45 

<>•59 

2. 


1286 

7.78 

0.36 

3. 

. . 

155s 

9-30 

0*57 

4. 

. . 

* 5*54 

8.92 

0.69 

5 - 


15*55 

8.83 

0.66 

Average 

. . 

15*15 

8.86 

0*57 


The average figures for dry matterj total digestible nutrients 
and digestible protein based on the five summer rations are 15.15, 
8.86 and 0.57, so if the maintenance requirements of the bullock 
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arc subtracted from the requirements for work and maintcnancCj 
the figures for work can be obtained thus: — 


Rc']ulrrmcnts for work 
and maintenance 
Requirements for 
maintenance 

Requirements for work 


Total 

Digestible 

digestible 

nutrients. 

protein. 

lb. 

lb. 

8,86 

0570 

7.49 

0412 

1*37 

0.158 


The bullocks performed approximately 6 hours continuous 
^vork a day, so the actual requirements per iiour of work in terms 
of total digestible nutrients and digestible protein arc: — 

iijz=:= 0 ’ 2281 b., and = 0*02Glbv respectively. 

Therefore an 800 lb. animal working only 6 horn’s daily 
w’ould require: — 


For maintenance 
For woik 


Total digestible 

Digestible 

nutiicnts. 

protein. 

lb. 

lb. 

b.37 

0.350 

•• r -37 

0.158 

7.74 

0.508 


On the basis of these figures it is thus possible to compute 
rations for a woi'king bullock of any other weight and working 
for a particular lei^^h of time. 

The following are examples of how’ the above principles may 
be applied: — 

Example i. 

If the rations available are wheat hhusa and green maize> 
and if these arc fed at the rate of xo.o Ib. of bhusa and 30 lb. of 
maize per day they will provide the nutrients shown below; — 
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Dry 

Total 

Digestible 



matter. 

digestible 

protein. 




nutrients . 




lb. 

lb. 

lb. 

Wheat bkusu 

10 lb. 

9 20 

4.50 

— 

Maize green 

30 Ih. 

6.30 

4.50 

0 30 



15-50 

9.00 

0.30 


Sucii a ration provides sufficient dry matter and total digesti- 
ble nutrients, but only contains about half the quantity of diges- 
tible protein shown above to be necessary for an 800 lb. bullock 
working 6 hours per day and is consequently not an adequate 
ration for a w'orking bullock of this type. Hence it is necessary 
to supply some suitable addition to make up «thc deficiency in 
protein. If some of the wheat bkusa or the green maize, or both, 
arc cut dowai and berseem hay. which is a protein rich feed, 
added, a more suitable ration is likely to result. The following 
may be suggested: — 




Div 

Total 



matter. 

digestible 




nutrients. 



lb. 

lb. 

Wheat bku:^a 

3 Ib. 

4.60 

2.25 

Bcisccm ha\ 

6 ib. 

3.22 

3.00 

Maize green 

30 lb. 

6.30 

4-50 


Digestible 

protein, 

lb. 

0.360 

0,300 


16.12 9.73 0.660 


This ration is an improvement and is slightly higher than the 
standard indicated previously, but may be considered for nil prac- 
tical purposes to be a reasonably good wwking ration. 

An alternative ration for localities w^hcrc berseem h not 
available, is the following: — 


Wheat 

hhum 

4 lb. 

Dr\ 

matter. 

lb. 

3.6a 

Total 

digestible 

nutrients. 

lb. 

1.80 

Digestible 

protein. 

lb. 

Jowar 

stalks 

7 lb. 

6-37 

3.01 

0.217 

Maize 

green 

30 lb. 

6.30 

4-50 

b.300 




16.35 

9-3 £ 

0-517 
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The following may be suggested as alternative rations for 
east and south India: — 


Ration Jor eastern India 




Drv 

Total 

BigCbtibV 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Rice straw 

10 lb. 

8.00 

2.71 

0.04 

Jowar green 

20 lb. 

8.00 

4.24 

0.17 

Mustard cake 

2 lb. 

1.8G 

1.86 

0.56 



17.86 

8.8 1 

0.77 


Rations 

for south 

India 




Dr> 

Total 

Digestible- 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Vholam straw 

15 Ih 

13.21 

8.34- 

0.30 

Rape cake 

I lb. 

0.93 

0-93 

0.28 



1414 

9-27 

0.58 

Cumhu green 

50 lb. 

13.82 

8-43 

0.47 

Ground nut cake 

I lb. 

0-93 

0.85 

0.42 



14-75 

9.28 

0.89 

Following is another suitable summer ration for nortli India 

;hich may be considered to be satisfactorily balanced : 

— 



Btv 

Total 

Digestiblr 



matter. 

digestible 

protem. 




nutrients. 




lb. 

lb. 

lb. 

Wheat hhusa 

9 lb- 

8.23 

4.05 


Maize green 

25 lb. 

5-25 

3-75 

0.25 

Gotten seed cake 

2 lb. 

1.86 

1. 14 

0.36 



15-34 

8-94 

0.61 
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Example a. A winter ration 

For winter rationing berseem and green oats are available 
as succulent fodders, and if lo lb. of wheat bhusa and 40 lb. of 
berseem arc fed they will provide the following nutrients: — 



Dry 

Total 

Digestible 


matter. 

digestible 

protein. 



nutrients. 



lb. 

lb. 

lb. 

Wheat hhusa 

10 lb. 9.20 

4.50 

— 

Berseem 

40 lb. 6.00 

4.00 

0.88 


15.20 

8.50 

0.88 


This is a well balanced ration and is rich in digestible pro- 
tein. 

An alternative ration containing green oats instead of ber- 
seem could be made as follows: — 


Dr>' Total Digestible 

matter. digestible protein, 

nutrients. 

lb. lb. lb. 


Wheat hhusa 10 lb. 9.20 4.50 — 

Green oats 45 lb. 7.20 4.50 0.54 


16.40 9.00 054 


This is also a well balanced ration, but contains no concen- 
trate. Another ration containing cotton seed cake as a concen- 
trate would be: — 


Wheat hhusa 

8 lb. 

Dry 

matter. 

lb. 

732 

Total 

digestible 

nutrients. 

lb. 

3.60 

Digestible 

protein. 

lb. 

Green oats 

40 lb. 

6.40 

4.00 

0.48 

Cotton seed cake 

2 lb. 

1.86 

1.14 

0.36 



15-58 

8.74 

0.84 
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This also is a well balanced ration although slightly liigli iii 
digestible protein* 

The above illustrations have been devised from the experi- 
mental data obtained from the Lyallpur trials, and it may be 
interesting to see how they compare with some other rations com- 
monly employed in India for working bullocks. 

Typical examples of rations given in Punjab villages are: — 




Dr\ 

Total 

Digestible 



matter. 

digestible 

piotein. 




nutrients 




lb. 

lb. 

lb. 

Wheat hhu^a 

18 lb. 

16.56 

8.10 

— 

Toria cake 

2 lb. 

1.84 

1.48 

0 60 



18.40 

958 

0.60 

Bajra green 

80 lb. 

16.80 

lO.IO 

0.74 


or 




Jowar green 

80 lb. 

26.38 

11.48 

0*33 

Wheat bhusa 

10 lb. 

9.20 

4.50 

, 

jower & guar a 

60 lb. 

18.00 

9.68 

0.84 

Gram 

4 lb. 

3-68 

3.20 

0 48 


3088 17-38 i.Sjy 


Rice straw 

20 lb. 

18.40 

5.00 

— . 

Green grass 

ad lih 


Jowar stalks 

18 lb. 

16.20 

7-92 

0.014 

Guara grain 

2 lb. 

1.85 

1-45 

0-575 



18.05 

9-37 

0.589 


The vast majority of working bullocks in India, as in the 
case of milch cows, arc not fed even approximately adequate 
rations. It is a common practice to feed working bullocks in 
north India with hhusa and as much green fodder as possible,, 
whilst in the eastern part of the country and rice growing tracts,, 
the staple fodder is generally rice straw, which has been proved 
to be notoriously deficient. The result of such poor rations is 
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seen in the imthriftv condition of the animals and a diminished 
capacity for work. ’The standard given above ina\ be accepted 
as approximately correct, and may be adjusted according to the 
amount of work which a bullock is called upon to perform. It 
is not easy to compute nett returns in terms of work production 
from definite feeding standaids, as was done in the case of milcli 
cows for milk production. A milch cow produces a definite 
commodity of a certain cash value but the work a bullock does 
in terms of energy cxpendituie is not easy to measure and exact 
data of nutrients required for a given amount of work per- 
formed can only be determined by exact and elaborate dynamic 
trials. 


FEEDING OF BUFFALOES 

The problem of dealing with the feeding of buffaloes is 
approached with considerable diffidence, as little or no experi- 
mental work has so far been done on buffaloes, either in India or 
elsewhere, as far as the wTiter has been able to ascertain, and 
consequently but few^ data exist on which rationing standards 
can be drawn up or rations computed witli the same degree of 
confidence as has been done in the case of cows. The calcula- 
tions employed in this discussion are derived partly from the 
results of work recently started at Lyallpur, and partly from 
recognised custom, and they must therefore be regarded as tent- 
ative rather than final. 

Buffaloes are ruminants of similar type to cows, and arc auto- 
matically much the same. It may be assumed therefore that 
the general principles previously described for cow^s will apply 
iniitatis mutandis to buffaloes. 

The buffalo versus the cow as a milk producer 

It might be expected from tiic large size of the buffalo that 
it would be a much more efficient producer of milk than the 
cow, but this is only the case when fodder is cheap. Taking 
COW'S and buffaloes as a whole, cows always beat buffaloes in total 
milk yield. The special value of buffaloes’ milk lies in the high 
percentage of fat which it contains, an average figure being 
round 7 per cent, although 9 per cent may frequently be found. 

This factor must therefore be taken into account in comput- 
ing rations for buffaloes, as they require considerably more tota^ 
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digestible nutrients per pound of milk produced than the aver- 
age cow. The data given in table No. XX, on page 35 3 , concern- 
ing additional nutrients required for different fat contents in 
cow’s milk may be taken as an approximate guide in comput- 
ing rations for buffaloes, although the digestible protein and 
total digestible nutrients might be raised slightly. 

Rations are computed for cows of a given weight and milk 
yield, in terms of dry matter, total digestible nutrients and diges- 
tible protein by the aid of the data given in appendices i and 
2. Unfortunately, in the absence of much experimentally ascer- 
tained data for buffaloes, it is not possible to compute rations 
for them on precisely the same basis. Preliminary trials on 
buffaloes at Ly allpur have indicated that the maintenance re- 
quirements of a buffalo of from 3,200 to 1,400 pounds weight, 
in terms of roughages and total digestible nutrients are approxi- 
mately 1 .5 times thos6 required by an average cow of 800 pounds 
weight. The Military Dairy Farms in India taking as their 
standard a cow of 800 lb. and a buffalo of 1,400 lb., allow one 
and two thirds times the amount of roughage and total digestible 
nutrients given to the cow, for the buffalo. If the fact previous- 
ly mentioned that buffalo’s milk is richer in fat than cow’s milk 
is taken into consideration, and additional nutrients allowed on 
a pro rata basis, as was done in the case of cows for milk of 
di&rent fat content, the following table may serve as a rough 
working guide for the computation of rations for buffaloes on 
the same basis as was done in the case of cows: — 


TABLE XIX 

Maintenance requirements for Buffaloes 
(Lyallpur) 


Body weight. 

Dry matter. 

Total 

digestible 

nutrients. 

Digestible 

protein. 

lb. 

lb. 

lb. 

lb. 

700 

10.94 

7.20 

0 623 

800 

12.06 

7-93 

0.687 

900 

^ 3-15 

8.65 

c 749 

1,000 

14.20 

9-34 

0 809 

1,100 

15.29 

JO 05 

0.872 

1,200 

16.38 

10.76 

0.935 

f,300 

17.47 

11,47 

0.998 

f,400 

18.56 

12.18 

1.061 
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TABLE XX 

Additional nutrients required per pound of milk to be added 
to the above allowance for maintenance. 

Total digcsrible Digestible 

nutrients protein. 








lb. 


lb. 


Foi 

5*5 

r' 

fat 

in 

milk 

0.376- 

-0.397 

0.049- 

-0.059 

For 

6.0 

t' 

fat 

in 

milk 

0*399— 

-0.422 

0.052— 

-0.062 

For 

6.5 


fat 

in 

milk 

0.422— 

-0.446 

0.054 — 0.065 

For 

7.0 

G 

fat 

in 

milk 

0.445- 

-0,470 

0.057- 

~o,o68 

For 

7.5 


fat 

in 

milk 

0.468- 

-0.494 

0.060— 

-0.071 

For 

8.0 

'r 

fat 

in 

milk 

0.491- 

-0.518 

0.063— 

-0.074 

For 

8-5 


fat 

in 

milk 

0.514- 

-0.542 

0.066— 

-0.077 

Foi 

9-0 


fat 

in 

milk 

0*537" 

-0.566 

0.069— 

-0.080 


On the above basis a suitable summer ration for a buffalo' 
of 1,400 lb. body weight, giving 24 lb. of milk a day, contain- 
ing 7^0 may be computed thus : — 


TABLE XXI 




Dr\" matter. 

Total 

Digestible 




digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Maize green 

105 Ib. 

20.05 

15*75 

1-050 

Wheat bhusa 

5 lb. 

4.60 

2.25 


Bian 

5 lb. 

4-65 

3*55 

0.450 

Gram 

I lb. 

0.92 

0.80 

0.120 

Toria cake 

3 lb. 

2.76 

2.22 

0.900 



34-98 

2457 

2'520 


To enable these figures to be compared widi corresponding^ 
data for a cow of the same weight and milk yield, the require- 
ments for maintenance and milk production of an 800 lb, coW;, 
according to the Lyallpur standard, are shown below: — 

X 
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Dry matter. 

Total 

Digestible 



digestible 

protein. 



nutrients. 



lb. 

lb. 

ib. 

Maintenance requirements 

10.06 

6.190 

0‘463 

For 24 lb. of milk 




with 69 o fat 

12.00 

10,128 

1*488 


22.06 

16.318 



Tlie following is an example of a summer ration given to 
buffaloes weighing 1,200 lb. and giving 20 lb. milk per head 
per day containing 6 % fat, in the Lyallpur Agricultural College 
Dairy: — 


TABLE XXII 

Dry matter. Total Digestible 

digestible protein, 

nutrients. 




lb. 

lb. 

lb. 

Green maize 

125 lb. 

26.50 

18.75 

1.250 

Wheat bhusa 

5 lb. 

4.60 

2.25 

— 

Bran 

6.50 lb. 

6.05 

4.62 

0.585 

Gram 

2.16 lb. 

I 99 

1-73 

0.259 

Cotton seed 

2.16 lb. 

2.03 


0.259 

Toria cake 

2.16 lb. 

1-99 

1.60 

0.648 



43.16 

30.46 

3.001 


PrCvaUing practice in villages in India 

It is well known that most village bufFaloes in India are fed 
better than cows, because the zamindar pays more attention to 
them* as they are his main source of milk and ghee. They are 
nevertheless not as well fed as they might be. A typical example 
which may be taken as representative of tiie summer rations fed 
to buffaloes in villages is as fdlows:^ — 
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TABLE XXIII 




Dry matter. 

Total 

Digestible 





digestible 

nutrients. 

protein. 




lb. 

lb. 

lb. 

Jorvar iiiid ^iiuaia 

70 

lb. 

12.00 

10.00 

0.70 

Wheat bhusa 

15 

lb. 

14.70 

6*75 


Cotton ^eed 

2 

lb. 

1.90 

1.40 

0.24 

Toiia cake 

I 

Ih. 

0.92 

0.74 

0.30 

Gram. 

I 

lb. 

0.92 

0.80 

0.12 




30.44 

19.69 

r.36 


If this raiion is t'ompared with that siiown in tabic No. XXI 
it win be seen that it is considerably lower^ particularly in diges- 
tible protein, \viiicli is less than half the amount the animal 
>hould actually be getting. It could be improved by substitut- 
ing green maize for jowar-guara. diminishing the wheat hhusa^ 
and increasing the cotton seed and torla cake. The follcwnng 
tabic represents what the I'ation improved on tliesc lines would 
provide: — 

TABLE XXIV 


Green maize 

too Ib. 

Dr^- matter, 

lb. 

21,00 

Total 

digestible 

nutrients. 

lb. 

15.00 

Digestible 

protein. 

lb. 

1. 00 

Wheat bhusa 

8 lb. 

7-36 

3.60 

— 

Cotton seed 

3 lb. 

2.82 

2.10 

0.36 

Toria cake 

4 lb. 

3.68 

2.96 

1.20 

Gram 

r lb. 

0.92 

0.80 

0.12 



35-78 

24.46 

2.68 


This ration provides almost the same quantities of dry 
matter, total digestible nutrients and digestible protein as indicat- 
ed above for the standard which may be accepted as a provi- 
sional working basis. 

Naturally the types of green fodder and concentrates avail- 
able will vary in different parts of India and in different sea- 
sons, but whatever ration is obtainable^ buffaloes, should be fed 
rations computed so as to conform approximately to the above 
standard. 
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Feeding regime fo7 buffaloes 

The times for feeding and milking and all other details of 
stall management should be precisely the same as those described 
for cows. 

It is a common practice in villages to soak the concentrates in 
water from 6 — lo hours before feeding, mix the bhusa in the con- 
centrate mixture, and feed this at the time of milking, the green 
fodder being given afterwards. The reason for this is that it in- 
duces the animal to take a larger amount of bulk in the fonn of 
bhusa ^ but, as has already been seen, bhusa is extremely un- 
nutritious, and what the village buffalo actually needs is more 
protein in the form of concentrate. Another difference in the 
general feeding practice with buffaloes compared with cows, in 
the cotton growing tracts of India, is that a greater proportion 
of cottonseed and oilseed cakes is usually fed in the concentrate 
part of the ration for buffaloes than in rations for cows. 
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CHAPTER X 

SHEEP 

Although practical feeding standards for cattle have been 
worked out in considerable detail in foreign countries, very little 
work has been done on these lines in connection with the nutri- 
tional requirements of sheep, and those standards which have 
been put forward from time to time vary very considerably in 
the scale of rationing which they advocate. 

Data in regard to the feeding of sheep in India are even still 
more scanty and, although for some years sheep breeding has 
been fostered by certain government farms, very little in the 
\vay of actual feeding trials has been carried out, and no 
standards are available for Indian conditions. Most sheep are 
not fed at all in the ordinary sense of the word in this country, 
but they are allowed to roam at large over whatever grazing 
areas are available, and get little more food than they can find 
in their wanderings. No data in regard to the feeding of these 
under-fed masses are therefore of much value. 

Where it is intended to keep sheep on a proper commercial 
basis, such a pastoral industry can only thrive provided proper 
feeding and management are practised as in other sheep breed- 
ing countries. This is particularly the case under Indian con- 
ditions, otherwise the price of mutton and the return for wool 
would not compensate for stall feeding on the lines adopted 
for dairy cattle. This, however, is a matter of considerable 
difficulty in India owing to the lack of pasture grazing compared 
with other sheep breeding countries, and the insufficiency of 
food resources to meet the requirements of the animal popula- 
tion. Nevertheless, there is room for further research on im- 
proved feeding systems to ascertain how far better feeding 
would be economically useful, as most of the observations so far 
recorded have been based on grazing alone. 

Good grazing conditions on high quality pasture land, espe- 
cially legume pastures, stimulate growth of wool, but grazing 
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alone does not produce cither the best mutton or the best qualit} 
wool^ and in periods of drought sheep on grazing alone deterio- 
rate considerably and the growth of wool slows down. For the 
best results to be attained the following therefore appear to be 
necessary: — 

1 . The improvement of grazing lands and lotational grazing of flocks. 

a. Co-ordinating the breeding and suckling periods to s>’nchronize 
with the optimum condition^ of pasture 

3. Supplementing grazing during the breeding, suckling and fatten- 

ing periods by suitable added concentrates on an economic 
basis, and providing fodder reseiyes to tide over periods of 
drought, thus avoiding deterioration in the quality of wool, 
and noimal growth 

4. The periodic changing over of grazing land to avoid incidence 

of disease and digestive disturbances 

Pasture glasses vary' in nutritive value within wude limits, 
and in sheep breeding areas the breeder should ascertain roughly 
the amount of nutrients which his sheep are likely to get from 
the pasture at different seasons. Sheep will require much more 
low quality pasture to meet their needs than a high quality one. 

Sheep are bred in India for mutton and wool and to some 
extent for milk, as in the case of the Lohi and Damani breeds, 
but there are considerable differences in the food requirements 
of different breeds and also between different types of the same 
breed. A particular breed of sheep thrives best in the locality 
in which it has been reared, and it is notorious that breeds which 
are suited to one part of the country may not do so well 
if introduced into another. Changes in soil and climate will 
inevitably affect the specific nature of a particular breed, and 
this will be enhanced by a change over to a different feeding 
system, or on account of variations in the composition of crops in 
different localities. What may be suitable for one breed there- 
fore, may not suit another. This also applies to different cross- 
breeds. Sheep which are fed on pastures alone will not thrive 
as well as when the pasture is supplemented during tfie breeding 
and suckling periods by added supplements, unless the grazing 
is sufficiently rich to meet requirements for maintenance and 
production. 








Fig. 2. A flock of Bikancri ewes on stubbles. 
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Feeding Standards for Sheep 


Various standards have been proposed by different authori 
tics in regard to the daily requirements of sheep in terms of dry 
matter^ total digestible nutrients and digestible protein. Ellis^ 
(1937) while discussing the dry matter requirements or appetite, 
as it is sometimes called mentions the following standards : — 
Professor T. B. Wood of Cambridge gave 3.4 lb. of dry matter 
as the daily requirements for a sheep of 100 Ib. live weight. 
Thus sheep feeding on good quality I)/iud grass in normal con- 
ditions would need about 17 lb. of grass per day. Kellner's 
figure for dry matter requirements is 2 . 6 lb. Morrison gives 2 . 9 
— 3.2 Ib.j whilst Watson gives the dry matter requirements 
as 2.7 — 3.0 lb. 

Experiments conducted at Cambridge by Woodman, how- 
ever, have shown that the figure proposed by Wood is some- 
what too high, and he has reduced this in his standards for 
sheep of different live weights by approximately i/5th. Foreign 
opinions differ very considerably in regard to the total digestible 
nutrients and digestible protein required per day, and in the 
absence of any data whatsoever in India to serve as a guide the 
standards evaluated by Wood and Woodman and given in Bulle- 
tin No. 48 of the Ministry^ of Agriculture and Fisheries, London, 
may be accepted as a working basis. These standards give the 
maintenance and production requirements in terms of starch 
equivalent, and the table shown below is adapted from these 
and expressed in terms of total digestible nutrients and digestible 
protein required for maintenance and live weight increase: — 


Live 

weigfht 

Appetite. 

Dry matter 
per week 

Maintenance 

per 

T. D. N. 

requirements 

week. 

D. P. 

Total disfestible 
protein for main- 
tenance & pro- 
duction. 

Production 
quirements 
lb. live weij 
increase. 






T.D.N. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

100 

20.4 

11.25 

0.46 

2.0 

2.50 

1 10 

21.7 

11 87 

0.50 

2.0 

2.81 

120 

22.g 

12.50 

0.55 

2.0 

3.13 

1^0 

24.2 

^ 3*13 

0.60 

2.0 

3.44 

140 

25-5 

13.75 

0.65 

2.0 

3.75 

150 

26.8 

J4.38 

0.70 

2.0 

4.38 

160 

28.0 

15.00 

0.74 

2.0 

4.69 
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Thus a sheep of 150 lb. live weight and increasing m 
weight by 3 5 lb. a week would require for maintenance and 
growth a total digestible nutrient content in the ration of 29 71 
lb. Very little information is available however in regard to 
the protein requirements of sheep for maintenance and growth, 
but a safe average ratio between the total digestible nutrients 
and digestible protein required for sheep is approximately 1*7, 
which may be narrowed somewhat to say 1:6 or 1:5 during 
the early stages of fattening, and prior to lambing, or even a 
little narrower during the weaning period. This ratio may 
gradually be widened again during the later stages of fattening, 
and after the weaning period. 

Feeding or Breeding Stock 

The data which serve as a guide in devising a feeding routine, 
are the dry matter required per week for diferent live weights, 
and the total digestible nutrients and digestible piotein rcq?iired 
for maintenance and growth. It has been seen in Chapters II 
and VII that great variations occur in the quality of different 
pastures, and also at different times of the year for the same 
pasture, and if the best results arc to be obtained from the flock 
supplementary rations are desirable. The effects of supplement- 
ary feeding are seen from a simple feeding trial which was re- 
cently carried out at the Government Cattle Farm, Hissar [1939- 
40]. One group ol 20 young ewes produced from motiiers of 
the same age and weight, and ot the same wool output in the 
first yejLj, w'as kept on grazing conditions only A second group 
of 20 similar ewes received one lb. of grain per head daily in 
addition to grazing, and the results obtained are shown in the 
following table: — 

Average Average Average Weight of 

Group weight weight wool output lambs at 

ON I 3 39 ON I 3 40 PER ANIMAL WEANING. 

lb lb. lb. lb. 

Grain fed 576 900 61 47 4 

Control 577 69 o 51 43 4 

This simple trial indicates the beneficial effects of feeding, 
on breeding qualities and production, which might otherwise 
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Temaiii largely in abeyance. Supplementary feeds for the breed- 
ing stock are good berscem and lucerne hays and green fodders^ 
such as maize, jowar etc., etc., but when green fodders alone are 
fed a small amount of protein rich concentrates should be given. 
Good silage is an excellent feed for reducing the cost of the 
ration, and from to 3 lb. per head daily, or even more, may 
■safely be fed to ewes weighing 150 lb. If no silage is given sheep 
may be folded after lambing on turnips, where available, as in 
northern India. Neither silage nor roots need be given if good 
green pasturage is available. 

When the roughage available is poor a grain supplement 
should be fed, although this will depend on circumstances, and 
as a rule, not more than lb. of grain per head per day should 
foe fed to ewes weighing about 150 lb. Whole oats are excellent 
for sheep and need not be crushed, as sheep masticate grain 
better than any other type of stock. 

Maize alone is not suitable for breeding sheep but may be 
fed mixed with oats or other concentrates. It can, however, be 
fed as a sole supplement in combination with good legume hay. 
Should only inferior hay or straw or maize stover be available 
lb. of cotton seed cake or ground linseed cake per head per 
day may be fed to pregnant ewes. On the other hand good 
legume hay alone is sufficient for pregnant ewes until after lamb- 
ing when a grain supplement is advisable. 

The following rations should be found satisfactory for preg- 
nant ewes of 120 — 150 lb. weight, although many others are- 
•equally good wfficn but little natural grazing is available: — 




Total 

Digestible 



DIGESTIBLE 

PROTEIN. 



NUTRIENTS. 




lb. per head 

lb. per head 



per day. 

per day. 

I . Berseem hav 

2 lb. 

1. 00 

0.19 

Maize green 

2 lb. 

0.30 

0.02 

Maize grain 

i lb. 

0.3a 

0.03 

•2. Berseem hay 

2 lb. 

1. 00 

0.19 

Maize stalks 

ad lib. 



3. Oat straw 

1 lb. 

0.48 

0.022 

Maize green 

2 lb. 

0.30 

0.020 

Cottonseed cake 

4 Ib. 

0.14 

0.045 

Oats grain 

4 lb. 

0.34 

0.022 
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The period of gestation of an ewe is usually about 5 months^ 
and after the young lambs are weaned the ration of the ewe 
may be reduced considerably and not much more than a main- 
tenance ration such as medium pasture or crop residue from 
arable lands need be given. This procedure will dry off the 
milk, and later on, about a week or two before tupping, feeding 
should be gradually improved so that the ewes are in condi- 
tion but not too fat nor too lean. From now onwards fresh 
nutritious food should be available such as good pasture in pre- 
paration for pregnancy, and the management of the flock should 
be arranged so as to synchronize the breeding period with sup- 
plies of nutritious pasturage or other fresh fodder. When these 
are deficient, up to a pound of concentrate such as oats or simi- 
lar nutritious feed should be fed per head per day. Naturally 
the feeding regime of the ewe will depend on many conditions^ 
such as the breed, climatic conditions, the feeds available, and 
the time of lambing, but the supplementary feeds should be 
enough to augment the pasture sufficiently to provide the ewes 
with the necessary nutrients. 

Morrison’s [1936] standards give the food requirements of 
pregnant ewes at different stages, and these (see appendix 2) 
may be used as an approximate guide for computing the rations. 

Feeding at, and after the Lambing Period 

At the time of lambing the food of the ewe should be restrict- 
ed for a few days and be easily digestible, and plenty of clean 
water given. Grain should be withheld for the first few days 
from ewes in good condition, although it may be necessary to 
give a little grain once if they are not in first class condition. 
After three or four days the grain may be gradually introduced, 
so that after a fortnight, ewes of 1 20-1 50 lb. weight will be 
getting about one pound of grain per head daily. An excellent 
alternative feed at this period is a mixture of bran and linseed 
meal and lucerne hay, plus grazing, which may be followed by a 
grain mixture of equal parts by weight of oats and maize, witli 
from 2 to 4 lb. of good legume hay. Where first class pasture is 
available supplementary green feed should not be required, but 
the feed should be sufficient to ensure the maximum produc- 
tion of milk for flic lamb. 
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Competing Rations for Ewes with Lamb 

The above statement forms an approximate guide to the 
nature of the rations to be fed to ewes with Iamb, but the 
amounts should be proportionate to the milk yield. An aver- 
age ewe of 150 lb. live weight may be expected to give three 
gallons of milk per week. A sheep’s milk, however, is much 
richer than cow’s milk and contains about 6 per cent of piotein 
and 7 to 7 . 5 per cent fat. Therefore, a comparatively narrower 
nutritive ratio will be required for sheep than for cows. 

An ewe of 150 lb, live weight will require 14.38 lb. total 
digestible nutrients, and 0.7 lb. digestible protein per week for 
maintenance. The total digestible nutrients and digestible pro- 
tein required for the production of three gallons of milk a week 
containing 7 per cent of fat will be 4 lb. and 0.48 lb. respectively. 
Therefore, the total digestible nutrients and digestible protein re- 
quired for maintenance and the production of 3 gallons of milk 
a week will be 18.38 lb. and 1.18 lb. respectively. Corresponding 
figures for the maintenance requirements for ewes of other live 
weights can be arrived at by applying the surface law, described 
in Chapter 1 \\ 

Typical rations which will conform to these requirements are 


as follows: — 



1 . Oats 

Bran 

Linseed meal 
Maize grain 

. . 2 lb, 

. . 2 ib. 

.. I lb. 

. . 5 lb. 

One pound of this mktuie per head 
per day in addition to oat hay or 
grass hay ad lib. 

2. Maize grain 
Linseed meal 

. . 4 lb. 
.. 1 lb. 

One lb. of this mixture per liead per 
per day with ha> ad HI. 

3. Maize grain 
Oats grain 
Maize green 
Berseem hay 

.. 0.5 lb. 

. . 0.5 lb. 

3.0 lb. 
..1.5 lb. 

One lb. of this mixture per head per 
day in addition to grazing or hav 
ration. 

Rmsing and 

Fattening Lambs 


Lambs must be kept in thrifty condition if good mutton is 
to be obtained and fattening should proceed gradually in order*' 
tiiat the fat will be laid on evenly with the lean tissues. If sheeps 
arc badly fed when young and hurried attempts then made 
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fatten them just before marketing, the fat will not be properlv 
distributed with the lean as should be the case with first class 
mutton. Therefore, in the absence of suitable grazing it would 
be profitable to feed the lambs up to li lb. of a supplementary^ 
mixed concentrate per head per day with hay, the proportion 
of concentrate depending on the quality of the hay. 

At this stage an approximate guide to the total food needed 
may be found by referring to the table on page 359 which gives 
the food requirements for maintenance and live weight increases. 

A variety of food stuffs may be available for this purpose 
depending on local conditions. For example, a suitable con- 
centrate mixture could be made up as follows: — 

(1) Twenty-five pounds each of bruised oats, linseed cake, 
crushed gram and bruised maize or barley, with a very small 
quantity of bran occasionally added, or a small quantity of 
molasses to make the ration more palatable. 

(2) A mixture of 50 per cent bruised oats, 20 per cent lin- 
seed cake, 15 per cent crushed bea,ns, 10 per cent dried grains 
and 5 per cent middlings (weatings) . 

Up to a pound of either of the above mixtures may be fed, 
but this regime will be governed by economic considerations and 
market requirements, and it may not be found economical where 
good grazing is available to feed more than | lb. of concentrate. 


Feeding the Breeding Ram 

The breeding ram* should be fed so that he \vill attain the 
highest degree of potency. As a rule he will need no supple- 
mentary feeding if on good pasture, but as the mating season 
approaches he should be given one of the concentrate mixtures 
indicated above. During the season he must be kept in good 
.condition, and fed according to the demands made on him, 
and a fairly rich protein supplement will be needed of from 


"^The term Teg applied to a male lamb between weaning and the first 
-shearing period (up to 2 teeth) and before it is used for service. A male lamb 
from the first to the second shearing (4 teeth) or when it has started service is 
-dialled a Tup and later on a Ram. 
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I — lb, a day according to his size. This may be made up 
from 3 parts of oats and i part of wheat bran. The ram must 
not be allowed to lose condition^ nor, on the other hand, should 
he be allowed to become too fat. If he is thin and needs con- 
ditioning a mixture such as: — 


10 parts of oats by weight 
3 parts of maize by weight 
3 parts of bran by weight 
2 parts of linseed cake by weight 

should prove satisfactory as a supplement to pasture grazing, 

A ram should be able to serve from 10 to 15 ewes accord- 
ing to age, although he may sei^'-e as many as 50 or more if 
mature and well fed. During the breeding season the rara 
should be allowed to run with the ewes for a certain time each 
day, or continuously if he is of a nervous disposition or inclined 
to ' fret. Rams differ in temperament, and their management 
will depend on circumstances, and when the breeding season 
is over tliey must be kept in good condition on good pasturage 
or fed legume hav and silage if available according to the season, 
with an occasional small allowance of concentrates. Some suc- 
culent food, including roots, should be given whenever possible, 
but mangel wurzels and sugar beet should be avoided as they 
tend to produce urinary disturbances. Plenty of exercise i^ 
essential and the rams should not be allowed to become fat, and 
should be kept away from the rest of the flock except during 
mating time. 

Sheep have a very high capacity for good roughages and 
wherever pos:ible they should be allowed as much as they can 
get, due regard being paid to the supplements needed for fatten- 
ing and breeding. Growing lambs invariably grow more rapidly 
in proportion to their weight than dairy cattle and consequently 
require more total digestible nutrients than the latter for a given 
live weight increase. The nutritive ratio of the food for th^ 
different types of stock previously mentioned is important, and 
the f(x>d must contain protein of proper quality. This will gen- 
erally be attained by feeding legume pastures or hays which make 
up deflciencies in the cereal^ grain. 
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Salt 

Sheep should always be provided with a salt lick placed in 
suitable containers or troughs so that they can get it when needed. 
Sheep require more salt per unit of live weight than cattle, and 
from 0.20 to 0.25 of an ounce per head per day should be 
. allowed. 

• Calcium and phosphorus 

The general considerations in regard to calcium and phos- 
phorus requirements outlined for dairy cattle apply to sheep, 
.and, as the latter consume as a rule large quantities of roughage, 
the phosphorus content of these, if they are of good quality, 
should be sufficient. Where the supplements consist of bran 
.and oilseed meals or cakes these should provide sufficient ])hos- 
phorus for breeding and fattening, but there is likely to be a 
deficiency of calcium under poor grazing conditions, or when 
the supplement feeds consist mainly of cereals, and lack of cal- 
cium may be responsible for poor results when the rations in- 
. elude no legume hay. 

It is impossible to lay down any definite rules as to whether 
.calcium supplements such as bone meal, ground limestone, etc., 
should be fed, but the breeder will be guided by local conditions 
.and practical experience. A safe rule to follow whenever pastur- 
,age or non-legume hays and roughages, which have been grown 
on soil of low calcium content are used, is to give one quarter of 
.an ounce of a calcium mineral mixture per head per day. It 
is quite possible that the peculiar susceptibility which sheep show 
to changes in environment may be due to the different compo- 
sition, particularly the mineral composition, of the feeding stuffs 
grown in different localities. This is a matter which has not 
been thoroughly investigated in India and may be of consider- 
able importance. 

Iodine 

In districts where iodine deficiency in crops and consequent 
•goitre prevail, treatment similar to that recommended for pigs 
(Chapter XIV) may be followed, and a very small addition of 
iodized" salts not exceeding 1/20 of a grain per day given, but 
It is doubtful whether, under ordinary conditions, these precau- 
tions are necessary. 
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II’ aiering of sheep 

Sheep require plenty of fresh, clean water, and even in the 
cold weather, ewes on dry feeds may need as much as one 
gallon per head per day, and considerably more when suckling 
lambs. Lambs when being fed on dry feed only may drink up 
to I gallon a day, which will be correspondingly reduced if they 
are*^ on fresh pasturage or given succulent feeds. In the hot 
weather the amount of water sheep need will be considerably 
greater. 

As sheep are very liable to parasitic infection they should 
not be allowed access to stagnant water or sources which may be 
polluted. 


Feeding for Wool Production 

Where sheep are reared for wool production the first essen- 
tial is to select breeds of wool producing qualities. Most of the 
breeds producing the finer types of wool are the Merino and its 
derivatives, and these as a rule mature more slowly, and make 
smaller daily live weight gain than mutton breeds. Consequent- 
ly they need more feed for each pound gain in body weight, and 
the general standard mentioned above must be augmented some- 
what for wool production. Whilst fine types of wool aie pro- 
duced from the Merino, much coarse wool is produced Irom 
other breeds, and if the maximum amount of wool of the best 
quality possible according to its type is to be produced, the sheep 
should be fed so that ^ey arc in good condition at shearing 
time. Wool is very rich in cystine, the chief sulphur contain- 
ing amino acid in proteins, the chemical constitution of which is- 
given below: — 

I-cystine', or dicysteinc, or di B-thio alanine. 

CH - COOH 

I 

NH« 

CH"- COOH 

1 

NHs 


S - CHj - 
S - CH3 - 
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If rations arc given which do not contain the right type of 
protein containing this amino acid the wool will naturally suffer. 
For example, poor quality grazing either alone or supplemented 
by cereal mixtures of deficient protein content such as maize 
will be deficient in this amino acid, but provided the rations arc 
properly balanced as indicated in the general discussion above 
there should be no deficiency in this respect. The work of 
Darlow, Heller and Felton [see reference] has shown that there 
should be ample cystine for normal growth of wool provided 
ordinary balanced rations are fed. 

Certain experiments have also been carried out in Australia 
on Merino sheep by Mars ton [1935] who has showm that when 
sheep are fed only on pasture grass which was very low in cystine 
containing proteins, great benefits were obtained by feeding 
blood meal, a feed rich in such proteins. Other animal meals 
may also be used to supply this amino acid. 

For essentially wool producing breeds, therefore, a some- 
what higher total level of feed is needed per pound of live weight 
increase than for mutton types, and the rations must be adequate- 
ly balanced by a sufficiency of protein of high biological value 
containing the sulphur amino acid cystine. This can be attained 
by followdng a proper feeding regime or by supplementing the 
rations when necessary by .animal feeds such as a blood meaL 
-etc. Under normal conditions of good grazing and feeding 
such supplements should not be necessary. Good feeding i‘^ 
essential if good returns are to be obtained, and the amount of 
wool produced will certainly diminish if proper growth ib re- 
tarded, or the body weight diminished through improper nutri- 
tion. 

Kellner [1908] records an investigation in which two groups 
of 12 sheep were taken. One group was fed on ordinary- 
meadow hay and ground beans for 4 months, its total weight 
at the beginning of the trial being 46.50 kilograms, and at the 
end 46.55 kilograms. The second group was fed on oat straw 
and mangels and its total weight decreased from 46.1 kilo- 
grams at the beginning of the trial, to 44.1 kilograms at the* 
end. During the 4 mondis the first group fed the better ration 
produced 9.12 kilograms of roughly washed wool which con- 
tained 5.99 kilograms of pure wool, whereas the second group 
which was under fed yielded only 7.02 kilograms of roughly 
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waslied wool, of which 4.58 kilograms was pure. The difference 
in feeding therefore resulted in a loss of 1.41 kilograms of wool. 

Kellner records another series of four trials in which 
similar results were obtained, and gives the results shown in the 
following table as and illustration of the fact that, although the 
growth of wool does not always suffer when the body weight 
diminishes, as seen from these figures, yet when the decrease in 
body weight, or dimunition in increase of body weight, passes a 
certain limit, then wool production is diminished. 


III 

I 

IV 

II 

Increase in body 
weight 0.79 kg. 

0.42 kg. 

0.17 kg. 

1.05 kg. 

Growth of wool 0.16 kg. 

0.15 kg. 

0.15 kg. 

0.13 kg. 

Growth of wool 
expressed in per- 
centage of weight 
of fleece 0 306 Cc 

o. 2929 r 

0 . 293^0 

0.237?^ 

Such trials emphasise the necessity for proper feeding, botii 


as regards quantity and quality. Wool production with sheep is 
in some respects like milk production with cows, and there is a 
limit within which feeding can effect yield, that is 10 say, if 
more food is given than is necessary it will not necessarily in- 
crease the amount of ■wool obtained. 

Kellner [1908] records the average figures obtained in seven 
other trials wath sheep fed a bare maintenance ration, and 14 
trials in which a proper ration was given. He quotes the average 
yield of wool obtained per sheep in the first case as 141.0 grs. 
representing 0.273% weight of the fleece at the end of 

the investigation, whilst the figures in the second set were 141.0 
grs. of wool representing 0.28^% of the weight of the fleece. 
These trials showed only a moderate increase in the weight of 
vvool produced as a result of differential feeding. 

In another experiment recorded by Kellner [1908] with lambs- 
5 months old, one group was given meadow hay and oats, and 
each lamb weighed 25.4 kilograms at the beginning of the trial 
of 9 months duration, and 46.25 kiiograms at the end when the 
animals were fat. The secemd group was given meadow hay 
only, and the average weight of each lamb was 25.0 kilograms 
at the beginning, and 36.15 kiiograms at the end. The un- 
cleaned wool from the second group weighed 2.69 kilograms 

Y 
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compared 'with 2.18 kilograms of uncleaned wool from the 
animals which had received the better ration. 

Kellner concluded therefore, that while the growth of wool 
may sxfFer u hen the live weight of an animal steadily decreases 
as a result of insufficmt food, yet very rich feeding does not 
cause a greater growtn of wool than when the ration fed is 
sufficient for the maintenance requirements for grown sheep 
Too much watery food should not be given, whether for wool or 
mutton production, as it is not suitable for sheep except in verv 
small quantities ; the mam food should be pasture ha}s with 
protein and other supplements. 

Some General Principles in regard to Feeding vnd 
Raising Sheep in India 

1. Sheep always prefer short giass and may even starve if 
pastured on land with long grass ; hence it is a good plan in the 
latter case to graze cattle first 

2. It is desirable that grazing lands should have plenty of 
hushes to provide reserves of feeding material during the rainy 
.season, and at times when pasture is dry and scanty owing to 
drought, heat or cold. This is specially desirable when supple- 
ments cannot be given. 

3. Sheep should as a rule be allowed 12 hours grazing a day 
■which may be reduced to 8 or 9 when there is plenty of pasture, 
and increased when pasture is very scanty. 

4. Sheep should preferably be grazed in small flocks 
of from 100 — 150, as those in the front will get the bes't^grazing, 
and those in the rear will suffer if the flocks are larger than this. 

5* Stubbles left over after harvesting crops provide good 
grazing for sheep. Use should always be made of these but the 

change over from ordinary grazing to stubbles should be gradual 
and overcrowding avoided. 

6. Pasture land should be grazed in rotation so that flocks 

not remain on the same land for lang. This gives new grass 

an opportunity to grow and helps to prevent parasitic infection. 

7. Clean drinking water should always be allowed at least 
three times a day. 

^ It is best to keep lambs separate from adult stock as a 
prevention against parasitic infection. 
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9, Even \\hen grazing facilities arc such that concentrate 
supplements are not needed for ewes, the rams should prefer- 
ably be fed some concentrates in order to keep them in good 
condition for breeding. A suitable feed would be r lb. ner head 
per day of a mixture of i part of bran and 2 parts of crushed 
gram w'itli i per cent of salt added. Some green fodder should 
be fed to rams w’hcn grazing conditions are poor, and when they 
are in servic about 4 lb. per head per day of any of die follow- 
ing mixtures may be fed: — 


I . Oats 

6 paits 

4 lb. per 

head pt l 

Maize 

3 parts 

giain 

mixtuic. 

Linseed 

I part 



and Bprseem ha\ 

2 lb. 



]Niaize green 

4 lt>- 



5 . Gram 

4 paits 

4 lb. pci 

head pei 

Bran 

•2 parts 

giain 

mixtuic. 

Alaize 

2 parts 



Linseed 

2 parts 



and Bci'secm or lucerne hay 

2 lb. 



Oats giccu 

4 lb. 
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CHAPTER XI 

FEEDING OF GOATS 

There are thirty million goats in British India, and feeding 
them constitutes a very difficult problem for the country. As with 
cattle, the vast majority of these goats belong to peasants who 
have no knowledge of correct principles of feeding, and the 
goats get their food from whatever they can find in their wan- 
derings in the countryside, or in their migrations from one place 
to another. The problem of feeding goats in some parts of 
India, particularly in hilly tracts, is a matter of the most serious 
concern on account of the destruction of vegetation which they 
cause, and the consequent erosion of the soil. Goats vsill eat 
almost anything, although they prefer good, clean browsing on 
young trees and shrubs, and when left uncontrolled they cause 
great damage. 

The herds of goats which roam the countryside subsist almost 
entirely on what may be called casual feeding stuffs. Pasture 
grass and the leaves of bushes are supplemented by leaves of trees- 
and shrubs which the graziers lop off by means of a dhanga^ a 
long pole with a curv^ed knife at the end. As the owners of 
most of tlae goats in India make no special provision for grazing 
or feeding, it may be said that they are fed at the general expense 
of the public or by the largesse of nature. The damage which 
this indiscrimate feeding causes is great and wide-spread, parti- 
cularly in forest areas, and one of the great problems confronting 
the country is control in these areas of the numbers of goats 
which are allowed to graze, and the institution of controlled' 
grazing designed so as to prevent undue destruction of vegeta- 
tion. This type of feeding, which the nondescript herds of 
migratory or casually grazing goats obtain, obviously cannot fall 
wiffiin the category of any proper feeding regime, neither can it 
be said to provide the goats with the feed they need for optimum 
milk production, or for bringing out the best quantities in any 
particular type. On the other hand, goats in India are extremely 
valuable animals because they can be cheaply fed. If properly 
managed, they are prolific in milk yield according to size, and 
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the milk lias specially valuable properties and is a boon to the 

poor- 

Tlic milk of the goat is alkaline, whilst cow’s milk is acid in 
reaction. Also, goats’ milk generally contains 4 per cent or more 
fat, which is in the form of a much finer emulsion than is the 
fat of cows’ milk. As a result, the fat forms a very fine curd 
during the process of digestion which requires on an average only 
about 30 minutes, whereas cows’ milk requires about two hours. 
This relieves the stomach of a considerable amount of work, and 
lienee goats’ milk is exceptionally valuable on account of its high 
digestibility, for young children and invalids, and those posses- 
sing an impaired digestive system. Again, goats’ milk has cer- 
tain special mineral features. The milk of different animals con- 
tains a considerable number of different minerals but not all 
are found In the milk of any one type. Goats’ milk, however, 
contains a greater variety of minerals than any other, and also 
several times as much iron per unit of volume as cows’ milk. It 
has already been mentioned that iron is one of the minerals in 
which milk in general is deficient, and goats’ milk is the best of 
all for providing this. Comparing tlie relative size of cows and 
goats, goats’ milk is also very rich in phosphates and potassium 
salts. 

Goats if properly controlled as regards breeding, manage- 
ment and feeding, should be of even greater value than they 
are at present. A good, well-fed goat will produce as much 
milk at less cost for feeding than the ordinary country cow in 
India. It will eat types of roughages which are useless to cattle, 
and it can be grazed more cheaply. If the best economic re- 
sults as a milk yielding animal are to be obtained from goats, 
however, certain fundamental principles should be kept in mind. 
Only goats of the best milch breeds should be kept, and only 
good males of established pedigree and strong vitality used for 
breeding. 

A considerable amount of work has been done in recent years 
on file development of milch goats at the Government Cattle 
Farm, Hissar, and at the Goat Breeding Establishment, Etah, 
U.P. 

At Hissar an average milk yield of around 3 lb. milk per 
<iay has been obtained from the Beetal breed, or an average 
of 1.6 lb. for the wet and dry periods. If this milk yield is to 
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be maintained and increased it is necessary to feed the animals 
in accordance with some nutritive standard. An approximate 
guide may be obtained if we bear in mind, firstly, that the main- 
tenance requirements for goats per lOO lb. live weight are con- 
siderably higher than for cows, on account of their much smaller 
size, and consequently greater body surface in proportion to live 
weight, and, secondly, that goats require a somewhat higher 
amount of total digestible nutrients over and above their main- 
tenance requirements per pound of milk produced, than do 
cows. Therefore, if the requirements by weight are calculated 
exactly as was done in the case of cows, and 20 to 25 per cent 
additional feed for maintenance allowed for the goats and about 
10 per cent more total digestible nutrients in addition per pound 
of milk produced, this will furnish an approximate guide to 
the amount of feeding stuffs required according to the size of the 
animal and the milk yield. Goats, however, are able to con- 
sume much more food per 1 00 lb. of live weight than cows, even 
those of high milk yielding capacity. 

Roughage and Concentrate Feeding 

The Indian goat is by nature a browsing animal and its 
natural feed consists of young leaves of tr^cs , and plants. It 
will also cat almost all types of green materials, including coarse 
grass if not too rank, but prefers short sweet grass or specially 
grown fodder crops. 

In a properly conducted herd, the goats should be allowed 
from 8 to 9 hours grazing a day, and in addition the milking 
females should be fed a concentrate mixture in amounts corres- 
ponding to their milk production. 

Various concentrate mixtures may be used, but gram is always 
a safe basis. A mixture which has been found to be suitable 
at Hissar consists of two parts of gram and one part of bran, 
fed twice daily at the time of milking. A mixture found suitable 
at the Goat Breeding Farm at Etah is as follows: — 

Crushed barley . . . . . . i part . 

Crushed maize . . . . . . . . 2 parts. 

Linseed cake when available otherwise 

mustard cake . . . . . . ’ . . 2 1 parts. 

Heavy wheait bran i.e., bran produced 
by hand milling and not the milled 
bran 


, . 2 parts. 
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Another suitable mixture employed at Etali for goats con- 
sists of : — 


Wheat bran . . . . . . • . 50 parts. 

Crushed barley 15 parts. 

Crushed maize . . 15 parts. 

Crushed mustard cake . - . . . . 20 parts. 


Two per cent of a mineral mixture (Churn brand feeding 
flour) should be added, or, if this is not available, salt may 
substituted, and in all circumstances rock salt should be pro- 
vided. 

The routine followed at the Goat Breeding Farm, Etah, is 
to give the grain mixture as the first meal in the morning 
followed by some fodder at 9 a.m. The goats are then allowed 
to graze from 10.30 to 5 p.m., and at 6 p.m. the second concen- 
trate meal is given, after which the hay racks are filled with 
whatever fodder is available. From 20 to 24 ounces of con- 
centrates are given during the course of the day to the milking 
herd, and somewhat less than half this amount to the dry herd, 
the amount in either case depending on the size of the animal 
and the amount of milk given. 

Fodders which are fed at Etah at different times of the year 
are the following: — 

Napier and guinea grasses, lucerne, berseem, arhar, cabbage or 

cauliflower leaves, sunhemp pods, leaves of trees, weeds etc. 

The feeding of goats in India has not yet reached a stage when 
such accurate computation of rations can be made as for cows, 
and it is not usual to weigh the fodder given, but to allow the 
animals as much as they can cat, an average goat requiring 
about 8 to 10 lb. of fodder a day. 

In general, however, it may be said that milking goats may 
be given the same feeds as are fed to dairy cows, and a good 
average guide is that 10 goats will require approximately the 
same amount of food as one good average milk yielding cow. 
From I to 2 lb. of the concentrate mixtures enumerated abd^e, 
with plenty of average pasture hay or berseem or lucerne hay,, 
should prove sufficient, and about lb. of silage or roots may- 
be fed in addition. When out at pasture the amount of cem- 
centrates given should be adjusted to the nature of the pasturfe- 
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and the milk yield, but high producing goats yielding three 
pounds of milk or more per day would need in any case from 
about I to 1.5 lb. of concentrates daily. The concentrate mix- 
ture need not be confined to gram or bran but any of the gen- 
erally available concentrates used for dairy cattle may be sub- 
stituted. Goats may also be fed clean, fresh garden and kitdien 
refuse or domestic grass cuttings, which will tend to reduce the 
cost of the feed. 

It must not be assumed that because goats are such ubiquitous 
feeders that they may be fed on any kind of rubbish. Goats 
have essentially clean habits and this is why they suffer so little 
from digestive or other troubles. Their natural requirements are 
clean and nourishing food and clean fresh drinking water witli- 
out which they cannot maintain good health or milk yield. Con- 
taminated sources of either food or drinking water will endanger 
the health of the animals. As for other animals, the goats’ ration 
should be properly balanced and include geen pasturage and 
concentrates according to milk production, and a suitable amount 
of green leaves or other succulent feed should always be includ- 
ed in the ration. The propensity of goats to eat the leaves of 
shrubs and trees gives them an advantage over cattle in the hot 
weather or in times of drought when green feeds may be scarce 
or unobtainable, but in a properly conducted herd the acquisi- 
tion of such supplements should be properly controlled. 

Goats will eat many types of leaves such as those of the babal 
or banyan trees or the levari. They will also eat with relish 
the leaves and pods of various acacia and kikar trees, the leaves 
of such trees as the Terminalia, and in fact the leaves of all those 
trees or plants enumerated in Chapter VIII, dealing with famine 
fodders. 

In winter, goats may be given an additional ration of 2 seers 
of pala {Zhiphus tiummularia) at night time. 

Milking goats should each be provided with a separate small 
box or container for the feed which should be given at milking 
time, the average amount generally fed being about J lb. or a 
little more at each milking time. Care should be taken in the 
feeding regime to ensure sanitary conditions, hence the need 
for separate boxes, because “‘'otherwise "goats are extremely liable 
to suffer from worms and pick up the eggs of worms from their 
feeding stuff if it is fed on the ground. Worms are one of the 
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most prevalent troubles which the goat in India has to face and 
the most likely method to avoid this trouble i^ by separate feeding 
and strict cleanliness. A useful way to feed green feeds or dry^ 
roughages is to have them tied up in bundles and suspended so 
that the goat can easily get at them, or feed them in a manger 
in such a way that the goat cannot get into the manger itself 
or contaminate it by its own droppings. Green feed should be 
fed fresh, and that left over in the mangers should be removed 
after feeding and the mangers then carefully cleaned out. An 
important point to remember in goat feeding is to feed no grass 
or other fodder when wet, and should such feeding materials 
become wet, they should be dried in the sun before giving them 
to the goats. 

Goats are liable to suffer from digestive and other troubles 
if allowed to graze on fresh newly sprouting grass as in the begin- 
ning of the monsoon, and care should be taken to see that only 
small quantities of such material are eaten at a time and at 
well spaced intciv^als. Regularity in feeding should always be 
aimed at, and feeding three times a day, morning, noon and 
evening, may be found to give the best results, and only that 
amount of feed should be fed at a time which the goats will 
clean up completely witliin a reasonable time. Such a routine 
will prevent w'astage and ensure that the goat obtains just the 
amount of -feed it needs for keeping its digestive system in 
regular working order and itself in go^ condition. 


Salt and Minerals 

The same principles in regard to salt and minerals apply to- 
goats as to other farm stock. Goats have a particular liking for 
salt and should always be provided with a rock salt lick hung 
in some accessible place so that they can always get to it when 
they desire, or it may be placed in the manger, but care must be 
taken to see that it is kept clean. Under ordinary normal con- 
ditions of grazing and feeding, goats should not suffer from 
mineral deficiencies, but should the exigencies of drought, famine 
or other* factors, indicate the desirability of feeding a mineral 
adjunct, the same principles may be followed as with dairy 
cows. 
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Feeding of Kids 

A sound practice is to allow the kids to suckle their 
mothers three or four times daily for the first week after birth., 
after which the number should be reduced to twice daily till 
about 4 months of age. They will thus get on an average from 
1 6 — 20 ounces of milk a day. After the first four days to a week 
goats should be milked regularly and completely from one teaty 
the other being left for the kid until it is about a month or five 
weeks old. Should, however, a doe be required to rear mor^ 
than one kid it should not be milked at all. Such a procedure 
is necessary for the future welfare of tlie herd. The weaning 
process should be gradual and by the time the kids are a month 
or five weeks old they should be able to start nibbling, and may 
be allowed access to finely cut hay with some lucernCy 
berseem and green arhar, leading up to some soft feed such as 
crushed gram or wheat iDran, which are much relished by the 
kids when they are about 6 months of age. By the age of three 
months the kids should be weaned and then removed entirely 
from their mothers. After weaning they should be well fed and 
allowed to graze and brow^se and given supplementary feeds con- 
sisting of bran mash, oats, gram or other cereals. Particular 
care should be given to the feeding of male progeny intended 
for breeding purposes, but as with rams they should not be 
allowed to get out of condition by under-feeding or to get too fat 
by over-feeding and lack of exercise. 


Computing Rations for Goats 

Bearing in mind what has been said in regard to the some- 
what higher maintenance requirements of goats per loo lb. of 
live weight over those required for cows, and their need for a 
slightly higher total digestible nutrient content in the feed for 
milk production, a few representative rations which would pro- 
vide sufficient nutrients for a goat weighing 150 lb. and yield- 
ing 5 lb. of milk per day are given on page 379 . These have 
been computed according to the approximate standard indi- 
cated. This is to some extent speculative, and is based on 
experience rather than on data from scientifically conducted 
trials^ as in the case of dairy cows. 
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Parts by 
weight. 


I. Ground barley . . . . , . . . , . i 

Wheat bran . - - . . . . . , . i 

Dried beet pulp . . . . . . . . . . i 

Gocoanut meal . . . - . . * . . . i 

11 . Dried beet or turnip pulp , . . . . . () 

GroTind barley . . . . . . . . . . i 

Wheat bran . . , . . . . . . . i 

Cottonseed cake meal . . . . . . . . *2 

III. Dried beet or turnip pulp . . . . , . . . i 

Wheat bran . . . . . . - . . . 1 

Oats . . . . . . . . * . . , I 

Cottonseed cake meal or cocoanut meal . . . . s 

IV. Dried beet or tuinip pulp . . . . . . . . 3.* 

Ground barley . . . . - . * . . . % 

Wheat bran . . . . . . . . . . i 



CHAPTER XII 


FEEDING OF HORSES AND MULES 

No digestibility trials have been carried out on horses in 
India, and those which have been conducted in foreign coun- 
-tries such as America, England and Europe are far too few to 
.enable the digestibility data obtained to be used for drawing 
up standard rations for horses as has been done in the 
case of cattle. Nevertheless, various authorities have evaluated 
certain standards which vary somewhat in the amounts of total 
digestible nutrients etc., which they advocate for different pui- 
poses. For example, Linton [ 1927 ] has worked out from trials 
conducted by him, the maintenance requirements of horses, and 
expressed these in terms of starch equivalents. His figures if 
expressed in terms of digestible protein and total digestible nutri- 
.ents indicate that a 1,000 lb. horse requires approximately 
6 . 25 lb, of total digestible nutrients a day, and 0 . 6 lb. digestible 
protein. Morrison [1936] adopting a different method for 
arriving at his data has given the total digestible nutrient re- 
.quirements for the maintenance of a 1,000 lb. horse as from 7.9 
lb. of total digestible nutrients and o . 6 — 0 . 8 lb. of digestible 
protein. These figures have been compared with correspond- 
ing figures computed from the rations which were fed to idle 
horses on a large stud farm in the Punjab, which show that the 
Punjab horses were being fed slightly higher than the above 
standard, a 1,000 lb. idle horse getting 9.68 lb. of total digestible 
nutrients and 0 . 90 lb. of digestible protein per day. 

In the absence of any experimental data on the feeding re- 
quirements of Indian horses it may be advisable as a working 
basis to compute rations for horses according to the Morrison’s 
standard given in Appendix 2 . Morrison admits that, owing to 
the inadequacy of the experimental data relating to horses, his 
standards have been computed by taking the. repc^nised foods 
^ for horses and^cakulatingThe'digestibre'" nutrients in thm from 
the data of digestible nutrients which similar foods are shown to 
crf^ontain from experimental work conducted on ruminants. This 
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procedure, tlicrcfoie, assumes that a horse will digest the differ- 
ent ingredients of a particular foodstuff to the same degree 
ruminants and vice versa. 

The standards which have thus been worked out have, never- 
tlielcss, been found to constitute a reasonable working basis for 
feeding horses, and may be utilized foi computing rations in 
India, due allowance being made for the fact that individual 
horses, as any other type of animal, may differ considerably in 
requirements. It is impossible to lay down an absolutely hard 
and fast rule, or to feed according to a strict mathematical for- 
mula, but reasonable safety may be assured by using the Morri- 
son standards, if combined with practical cKpcrience of local 
conditions. 

Feeds for horses differ from those for ruminants more in 
degree than in kind owing to the fact that the horse is a single 
stomach animal, and is consequently unable to digest as much 
coarse roughage as a ruminant of corresponding weight. Coarse 
roughages such as good grass hay on legume hay should there- 
fore be fed to horses in less quantity than for ruminants, and the 
major part given at the end of the day after the concentrate part 
of the ration has been eaten. Th€i,^mount given should be not 
in excess so as to cause undue distension of the stomach, or be- 
yond the animaPs actual requirements. When a horse is idle 
or doing only light w^ork there is little necessity to feed very 
much high protein feeding stuffs. At the same time even when 
a horse is maintaining a high production yield in terms of work, 
the ratio between the protein and the non-protein part of the 
ration does not need to be so narrow as, for example, in the case 
of high yielding dairy cows. In the case of the cow the com- 
modity produced is milk w^hose protein has to be obtained from 
the food, and allow^ance must accordingly be made to ensure a 
fairly narrow nutritive ratio. In the case of a horse, however, 
doing continuous hard work, or a polo pony doing intense wwk 
concentrated within a short time, the commodity produced by 
the animal is energy, and within certain limits this energy can be 
provided for just as well, or perhaps better, from the non-protein 
portion of the ration than from the protein, and therefore there 
is not the same necessity to feed protein rich foodstuffs to horses 
at w^ork as there is to a cow producing milk. 

A horse even at work will keep in better condition if fe# 
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.only that amount of food which he actually requires rather than 
an excess, particularly of protein, which he does not need. Efforts 
have beeen made in some highly technical trials carried out in 
America to compute the food requirements of horses by taking 
the net energy values of foodstuffs as determined by elaborate 
. calorimetric estimations and determining the amount of energy 
which a horse expends in terms of foot pounds of work per unit 
,of food. Such data, how’cver, although of great technical in- 
terest, are of little use at present for determining rationing stan- 
dards for horses. It is important, nevertheless, both for the 
welfare of the horse and from economic considerations to feed 
rations which arc adequate and well balanced but not in 
. excess. 

Food Requirements of Horses for ^Maintenance 

Grandqau and Le Clerc [1883] have determined the main- 
tenance requirements of a 1,000 lb. horse from trials conducted 
over long periods, and have stated these to be from 6.5 to 7.0 
lb. total digestible nutrients. Horses are more highly strung than 
cattle, and as a rule their maintenance requirements are some- 
what higher for corresponding body weights. In some of tlic 
trials conducted by Grandcau and Le Clerc [1883], the experi- 
mental horses remained in good condition on considerably less 
total digestible nutrients than the figures given. It is no doubt 
safer, however, to feed slightly more, rather than less, than the 
minimum needed, and hence Morrison has given the some- 
what high figures of 0.6 to 0.8 lb. of digestible protein, and 7 to 
9 lb, total digestible nutrients for maintenance for *a 1,000 lb, 
horse. 

Idle horses will require about tw^o thirds of the total ration fed 
to them for the purpose of maintaining body temperature, only 
. one third being required for that part of the maintenance require- 
ments which may be designated general up-keep or general 
metabolism. Consequently fairly poor roughages such as hay 
. or even straw may serv^e for the purpose of heat production, but, 
as has been previously mentioned, straw should not be fed to 
working horses as the energy expended as heat in mastication, 
etc. is greater than that which the straw can yield. Horses 
kept in idleness should not be fed exclusively on straw, although 
feis may form a reasonable part of the ration. 
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Amount of roughage needed 

It is not advisable to feed a horse a larger amount of roughage 
at one time than Is actually needed. Roughages are best fed at 
inten^als during the day, and the major portion at niglit when 
the horse can chew it at leisure. The total amount of roughage^ 
to be given per day is also of considerable importance and should 
not as a rule exceed 1,5 per cent of the body weight of the 
animal, although slightly larger amounts may be fed to horses 
at worL Owing to the paucity of data available it is extremely 
difficult to state how far roughages and concentrates can be in- 
terchanged for work production, or, in other words, what %vould 
be the relative values per pound of roughages and concentrates 
for this object. 

Certain experiments have been conducted in Sweden by 
Hansson and Meddel [1924], from which it has been concluded 
that 3 lb. of hay are equivalent to i lb. of maize or oats, 
but only 1.5 to 2.0 lb. are equivalent to i lb. of grain for main- 
taining an idle horse, whereas 2.5 lb. of good average grass hay 
must replace 1 lb. of barley or maize for work production. 
In making such substitutions, however, due regard should be 
paid to the fact tliat horses cannot utilize more than a certain 
bulk of roughage and hence this should be kept within the limits 
necessary according to the animafs weight. 

As stated above a horse does not require too high a protein 
content in the ration even when at hard work, and a reasonable 
nutritive ratio is i : i o, although a somewhat narrower one may 
be allowed for pregnant mares, mares with foal at foot and 
growing colts. Thus growing colts over six months of age would 
require frorn 1.6 to 1.8 lb. of digestible protein per day, and 
from II to 13 lb. of total digestible nutrients, giving a nutritive 
ratio of from i;6 to 1:7, whereas a mare with foal at foot, but 
otherwise idle, would require from 1.2 lb. to 1.5 Ib. of digestible 
protein, and from 9 to 12 lb. of total digestible nutrients, and a 
nutritive ratio of from 1:6.5 to 1:7.5. Idle horses and horses 
light work can be fed on a lower scale in conformity with the 
table below adapted from Morrison [1936] : — 

Dry matter. Total digestible Digestible 
nutrients. protein, 

lb. lb. lb. 

Idle horse 13.0 — 18.0 7.0 — 9»o a.6 — 0.8 

Horse? at light work 15.0 — 20.0 9.0— ii.o o.B — no 



384 


FEEDING OF FARM ANIMALS 


As increasingly hard work is demanded from a horse the 
nutritive ratio may be slightly narrowed, but additional energy 
required from the feed may be provided by additional cereal 
feeds and high quality roughages such as legume hay; cereals^, 
however, will provide considerably more energy than the latter. 

Mineral needs of horses 

The mineral content of the rations fed to horses is of the 
utmost importance and it is necessary to keep a careful check 
on the type of ration fed, because a typical standard ration, such 
as ordinary grass hay with cereal concentrateSjJ is as a rule defi- 
cient in both calcium and phosphorus. While such a ration 
may be adequate from a mineral point of view: for fully grown 
horses, it may prove to be deficient in minerals for growing colts 
or brood mares. In the latter cases provision has to be made 
in the ration for body development, and particularly the grow- 
ing skeletal structure w^hich is largely composed of calcium phos- 
phate. Wherever possible a large part of the roughage fed 
should be good legume hay which is rich in calcium and phos- 
phorus. Furthermore, a part of the concentrate should be bran 
which is richer than most other feeding stuffs in phosphorus^ 
but the calcium-phosphorus ratio in bran is poor and needs cor- 
rection. If rations deficient in calcium and phosphorus are 
used, bone formation will be defective and osteoporosis which 
used to be known as Miller’s disease may result. Wherever 
adequate proyisipn cannot be made in the ration for mineral 
requirements small quantities of high grade steamed bone mea! 
or bone meal flour in amounts from 2 to 4 bunces a day shpuld 
be giveirriepending on circumstances and the age of the animal. 

The younger the developing animal the more necessary the 
mineral adjunct will be. Such mineral preparations should 
only be obtained from reputable firms w^hich are prepared to* 
state the nature and quantity of the minerals they contain and 
issue a guarantee of quality. Imperial Chemical Industries^ 
Ltd., (India), supply mineral supplements which have been 
found to give beneficial results to mares in foal and young grow- 
ing stock. 

A mineral deficiency which is very liable to occur, but much 
more ^difficult to detect, in fact impossible without an elaborate 
chemical analysis, is iodine deficiency. Iodine is found in only 
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infinitesimally small amounts in most feeding stuffs, but plays 
a most important part in maintaining the animal in good condi- 
tion. Frequent cases of abortion have been attributed to a defi- 
ciency of iodine in the rations. Where such deficiency is sus- 
pected a small quantity of an iodine mixture should be incor- 
porated in the rations. A suitable mixture may be made up 
as follows: — 

Four drams of potassium iodide and 4 drams of iodine are dissolved 
in one pint of meth>lated spirit and added to 49 ounces of water. 

One ounce of this solution may be given every day in the 
drinking water. 

Some years ago the author investigated cases of suspected 
iodine deficiency in the following rations which were being used 
for mares with foal at foot: — 

Oat hav . . . . . . . . 1 2 lb. per day. 

Lucerne hay . . . . . . . . 4 lb. „ 

Green lucerne or 

green shaftal . . . . 20-30 lb. ,, 

Grain mixture (Gram, oats, wheat 

and bran in equal proportion) . , 8 Ifo. „ 

It was computed that the amount of iodine that a mare w’as 
getting from the ration per day was 0.035919 dram. One ounce 
of the above solution would provide 0.007123 dram of iodine, so 
that if one ounce per day were fed to a mare, its previous iodine 
ingestion would be increased by 20 per cent. 

It is naturally impossible to make accurate calculations for 
suspected rations in every case but the above will serve as an 
indication of a suitable iodine supplement, when this is deemed 
necessary. 

Salt 

Horses should always be provided with salt licks so that they 
can obtain whatever they need, as their requirements for salt 
are considerable, especially in hot weather. 

Vitamins 

The only vitamin deficiencies which are likely to occur in 
the rations of horses are in vitajnin A and D. There should 
be a suflSciency of vitamin A if plenty of green pasture or legume 
bay is available, but vitamin D may be deficient in the rations 
z 
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at certain times of tlie year, and specially when they consht 
chiefly of inferior hay and cereals. The ill effects of lack of 
vitamin D will be still more pronounced if there is an imbalance 
in the calcium and phosphorus in the rations and this may lead 
to rickets in varying degrees of intensity. At the first sign of 
rickets or osteoporosis an animal should be given from i to 2 
ounces of fish liver oil a day, and the roughage should consist of 
well cured legume hay. A calcium-phosphorus mineral mixture 
may be fed in addition. 

Water requirements 

Horses .should be watered before meals rather than after, but 
access to water at all times is allowed in some stables. Frequent 
watering in small quantities, like frequent small meals is better 
than long draughts at unsuitable times. Opinions differ as to 
whether horses should be allowed to drink after hard exercise 
when sweating. There is no particular harm in watering a 
horse when hot, but it is necessary to guard against chills, and 
after violent exercise a horse should be kept moving and rubbed 
down. Cold water should not do a horse any harm if these pre- 
cautions are taken. Naturally the amount of water a horse 
needs will be modified by the amount of succulent feed it is get- 
ting, the work it is doing and by climatic conditions. At tht 
stipulated watering times horses should be allowed to drink all 
they need and not be taken away before they have had their 
fill. The water provided should be clean and of good quality, 
that is to say, not brackish or otherwise contaminated, and should 
be supplied in troughs which can be cleaned out regularly. These 
'should be at a sufficient height from the ground to prevent 
either the horses or other animals from putting their feet in them. 


Feeding Stuffs suitable for Horses 


Concentrates, 

Gram. 

Oats. 

Bran. 

Barley. 

Linseed meal. 


Dry roughages. 
Meadow hay. 
Legume hay. 
Oat hay. 

Jowar & bajra 
stalks. 

Wheat bhusa. 


Succulent feeds. 
Pasture. 

Lucerne. 

Green oats. 

Lireen maize. 

Green j-ovuar. 

Green bajra. 

Green Sudan grass. 
Green wheat. 
Shaftal. 



FEEDING OF HORSES AND MLLES 3B; 

The availability of tiicse feeding stuffs will vaiy^ and tii 
selection made determined;, partly by the rationing requirement^ 
and partly from considerations of cost and season. When it i^ 
desired to ascertain for example, whether it would be more eco- 
nomical, say, to feed oats or gram or barley, the amounts oi each 
necessary will bt2 ascertained in a manner shortly to be described, 
and their relative values in terms of cash per unit nutrient in- 
gredient ascertained as described in Chapter XVI on the Econo- 
mics of Feeding. It does not necessarily follow that the most 
expensive food is the richest in nutrients, nor is a cheaper food 
necessarily lower in nutritive \alue. 

Gram is one of the standard concentrates used for horses in 
India and may be fed in amounts from 2.5 to 8 lb. per day 
according to requirements. The nutritive properties of gram 
have been described in detail in ChapteiVI. As ii is very rich in 
protein there should be no necessity to feed it to idle horses, 
but in Indian practice gram is probably used more extensively 
than barley or oats. 

Oats contain considerably less protein than gram and the 
fibre content is considerable, and hence they make a more bulky 
feed. Horses have a particular liking for oats, which they find 
very palatable. Barley, wheat or maize have a greater tendency 
than oats to form a compact mass in the stomach, which may 
give rise to digestive disturbances and colic. Oats contain about 
8 per cent protein, as against 18 per cent in the case of gram, 
and they may be fed with good pasture hay as a sole concen- 
trate for horses on light work. If gram were fed as a sole 
concentrate, roughage of a poorer quality might be used, al- 
though this would involve a danger of mineral and vitamin defi- 
ciency; so it is best not to sacrifice the quality of the roughage 
unless unavoidable. When horses are being worked hard a 
small part of the oats may be replaced by richer concentrates 
such as gram and linseed cake. Oats must be fresh and untaint- 
ed, as musty oats, or in fact any damaged cereals, are very liable 
to cause trouble to a horse’s digestive tract. 

Barley is fed extensively to army horses in India. It should 
not be fed whole nor as a sole concentrate but given witli bran 
or chopped hay. 

Wheat is sometimes fed instead of gram but it is a much more 
farinaceous food and is inclined to cause colic by forming lumps 
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in the* intestines, unless suitably combined with a mmv bulky 
feed such as chopped hay. The protein content of wheat is 
approximately the same as that of barley, hut like other cereals 
it is deficient in minerals and vitamins. 

Maize, After gram, barley and oats, maize is probably one 
of the best concentrate foods for horses if fed in moderation and 
not exceeding lo lb. a day. Maize is a highly concentrated food 
and provided the ration is supplemented by protein rich feeds, 
such as the legumes etc., to correct the biologically deficient pro- 
teins of the maize, the latter may largely take ihe place of oats, 
only 85 parts of maize being required as a substitute for 100 parts 
of oats [Morrison, 1936]. The points to be kept in mind when 
feeding maize are its highly farinaceous nature and its deficient 
protein content, and to ensure that these factors are balanced by 
protein rich supplements. For example, if maize is fed with 
good quality berseem or lucerne hay this should constitute a satis- 
factory ration for horses doing moderate work, but the change 
over from oats to maize should be made gradually. There is 
little doubt that some of the prejudices against feeding maize are 
due to neglect of the above mentioned principles, and where the 
ration is otherwise properly balanced maize can conveniently be 
used for the cereal part of the ration. Should legume hay not be 
available in sufficient quantities, good pasture hay mixed with 
I /3rd its weight of berseem or lucerne hay should make a well 
balanced ration for horses taking moderate exercise. The legume 
hay will also supply the necessary calcium in w^hich maize is 
deficient. If, however, legume hay is not available and maize 
has to be given as the mam concentrate, with only poor quality 
pasture grass, such a combination may be satisfactory for a short 
time but it is advisable to add some other supplement such as 
bran or linseed meal. 

Bran is one of the most valuable protein feeds for all classes 
of horses and should constitute a part of the daily ration for 
working horses. It may also be given periodically to idle horses 
on account of its laxative properties. A bran mash made by 
pouring boiling water over the bran with a small quantity of 
boiled linseed makes an excellent feed, preferably at night, as 
a preventive against constipation. If bran forms any large per- 
centage of the ration, however, a legume hay or bone meal should 
be included to make up for its low calcium content. 
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Molasses and Gur 

Molab>es may be given to horses in small quantities as an 
appetiser, but not more than one pound a day should be fed. 
It will also supply about 90 per cent of its bulk weight in total 
digestible nutrients, mostly in the fomi of sugar, and is valuable* 
for using with low quality hay which may be unpalatable, as an 
inducement to horses to eat it. Being a highly concentrated 
•saccharine food, molasses is capable of partly replacing the grain 
fed, weight by weight, in terms of total digestible nutrients. In 
hot weatlitT molasses has a tendency to cause unnecessary^ sweat- 
ing, particularly in the case of mules, and its use should then be 
restricted to a minimum. Various molasscd foods have been 
produced m India in recent years, consisting of 50 per cent 
molasses and 25 per cent bagasse, combined with some bran and 
^oilseed cake. When feeding such compo.site foods theur composi- 
tion should be known in order to keep the ration properly bal- 
anced. When good quality molassed foods are available at cheap 
rates they form useful, palatable and bulky foods, but they must 
never he allowed to bw^'ornc mouldy, as they arc tiien likely to dt> 
barm. 

Peas and beans 

Peas and beans arc suitable for liorscs. Peas liave approxi- 
mately the same cht'mical composition as beans but owing to 
their smaller size horses are not able to masticate them as well 
as beans. When they are used they should be crushed and in 
this condition they may take the place of beans. Beans generally 
contain about 20 per cent digestible protein and arc very use- 
ful for inclusion in the ration of horses doing hard work, and 
I to 2 pounds per head per day may replace an equal quantity 
of oats. It is best not to give horses new beans — those some 
months old are better. Beans have a very hard seed coat and 
on this account they should always be gently crushed before* 
being given to horses. 

Horse gram or kullhi (Dolichos biflorus) is largely fed 
boiled to horses in south India. 

Milieis 

The millets such us bajra (cumbu, south India), jowar 
^chaiam^ soutli India), and many of the other common Indian 
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grains may be* used for horses. They contain somewhat 
digestible protein than peas or beans and as most of the millet 
grains are both small and hard, they 4]ould be soaked before 
being fed to horses, or ev( n boiled. 

Linseed cate and meal 

These do not form a proniinenr part of rations in India but 
they are invaluable it added at the rate of about ] to i lb, to the 
rest of iho concentrate for convalescent and sick horses. They 
are also useful for conditioning horses and giving a blocni to 
their coats for diow purposes. Whole linseecf may aho be fed 
boiled. 

Cottonseed caU and nual 

Cottonseed cake and meal may be added as a piotein sup- 
plement to the cereal rations, but the amount should be restrict-** 
ed to I lb. per day or less per 1,000 lb. live weight, as they are 
somewhat heavy and liable to cause digestive disturbances, 
especially if introduced suddenly and not gradually in small quan- 
tities into the ration. They will supply almost the same amount 
of total digestible nutrients as linseed cake, but have not the same 
conditioning value. 

Frcpaiatlov of cereal foodh 

The cereal grains should be* fed crushed but not too finely 
crushed, as, in the latter form, horses are likely to bolt their 
food without proper mastication and it will form lumps in the 
stomach. To ensure proper mastication chaff or chopped hay 
is often added to the feed. If for anv rc-ason the grain can- 
not be crushed it should be soaked in water or boiled' to soften 
the husk before feeding. Not more grain should be ground at 
one time than is required for a moderate period owing to its 
liability to absorb moisture and become musty. It is a usual 
practice in India to add a small quantity of salt to the concen- 
trate mixture before it is fed. 

Roughages 

The merits of hay have been exhaustively described in 
Chapter VI. Dhub grass is one of the most valuable pasture 
grasses in India, and high quality hay made from this grass may 
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tontain up to 20 per cent protein as has been found m the 
case of dhuh hav at Hissar m the Punjab It cut at the right 
time and properly cured for ha^, it should constitutt a suitable 
ration in itsdf for idle horses or C’ven for horses domsr light work. 
Dhuh grass, however, like all other grasses \anes conuderably in 
composition m different parts of India and at difierent times of 
the year, and if allowed to become mature loses much of its 
nutntne value If fed at this stage it will nred ‘^oinc con- 
centrate to balance it 

Oat hay 

Oat hav is a useful food but is not as rich as the best dhub 
grass, and will therefore need to be supplemented by legume 
hay or concentrates in order to balance it Thus a satisfactory 


^ ft 

lation for a 1,000 ib 

horse doing light worl 

would be — 



Total 

Digestible 



Digestiolr 

nutrient 

protein 



lb 

ib 

Oat ha\ 

12 lb 

5 76 

0 264 

Lucerne ha\ 

5 lb 

3 00 

0 550 



8 76 

0 814 

Legume hays 





Legume hays are particularly fragile and liable to lose much 
of their value on account of the leaves and fine parts of the stem 
being broken off during the process of handling and carting. 
As a result of such losses, if legume hav is fed to hoises as a 
sole roughage, they may ha\c to eat too much dry matter to 
obtain the necessary nutrients An excellent system to a\^oid such 
loss of legume hays is the following which cheap and practic- 
able — 

When the stack is ready to be used, an ordinary charpoy 
covered over by^ wire netting, ] inch mesh, may be placf d beside 
the stack, and the hay sieved through it Broken leaves and the 
£ne parts of the stems will pass through and the coarser stems 
remain on the wire The former can then be collected in bulk 
and carted in sacks direct to the feeding troughs and fed to all 
classes of slock after the e\ cning grain ration Later the rougher 
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stalks may be placed in the troughs for subsequent coobumption. 
By this means the horses get the rich leguminous food after the 
grain and can follow this up by leisurely mastication during the 
night. 

As horses arc very fond of well prepared good quality legume 
hay, it should only be given in the amounts needed, otherwise 
they will eat too much and may suffer from digestive disturb- 
ances. Naturally, less legume hays will be needed, weight for 
weight, than in the case of hays of lower quality. On no 
account should legume hay which has become mouldy he eivcn 
to horses. 

Other fodder hays which may be given are jowar and bap a, 
but these are much more fibrous than ordinary hays and hence 
of less nutritive value. They should be finely cut before feed- 
ing and form a convenient alternative to straw as an occupa- 
tional food for idle horses for heat production, but should only 
be fed in strict moderation to horses at work. 

Bkusas of the cereal grains such as oats, wheat and barley 
will also serve much the same purpose and may be fed in small 
quantities. 

Natural Pa.stures and Succulent Feeds 

Good natural pastures arc the exception rather than the rule 
in India, but where available and properly cared for, arc excel- 
lent for young horses, brood mares and idle horses. Even when 
horses are strenuously exercised they may be turned out to 
graze after they have eaten their evening ration, and during 
the hot weather it is an advantage to allow them out at night 
to graze instead of keeping them in stalls. Young pasture grass 
of good species is very nutritive and just before it has reached the 
flowering stage constitutes a maintenance ration for idle horses 
and can replace a considerable part of the roughage. If eaten 
at too young a stage, however, it may cause diarrhoea. 

Where grazing is available pasture legumes should be in- 
troduced into the fields where possible. Subterranean and straw- 
berry clover are suitable in areas not subjected to excessive heat 
or drought, as these require moderate climatic conditions and 
plenty moisture. In more rigorous climatic conditions the 
wild vetch reman (Vigia sativa) should he introduced into graa:- 
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ing areas- 'fliis is a valuable wild legume, and it is iit'CCssaiy to 
soak the seeds in water before sowing, otiierwise they are un- 
likely to germinate. The wild \t'tch, however, will not stand 
very hea\y grazing. 


Geeen Fodder^ 

Lucerne, oats, shafta! and btrscern arc tin' Ix'st green culti- 
eated fodders available for horscs, and if fed from 20- -30 lb. 
a day, combined with oat hay, to mares with foal at foot but 
not at work, lucerne hay and a grain mixture will constitute a 
balanced ration. As examples th(^ following combinations are 
well balanced rations for a 1,000 lb. inare witii foal at foot and 
doing no work: ~ - 




Di% 

Total 

Digestible 



matte 1 . 

digestible 

protein. 




nutrients. 




lb. 

lb. 

11 >. 

Oat lia> 

12 lb. 

1 1 . 1 b 

>- 7 b 

0.264 

Lucerne gu cn 

20 lb. 

3.01 

2.94 

0.61;', 



16.17 

8,70 

0.877 

Oat hay 

8 ib. 

7 - 4*1 

3.84 

0.17b 

Lucerne green 

20 lb. 

5.01 

2-94 

0.613 

Grain mixture 

2 ib. 

J.83 

3-51 

0.184 



14.28 

8.29 

«-973 


hiiagt 

Silage is an invaluable feed for hordes during die winter 
months in localities where green fodder may be scarce. Maize 
is suitable for ensilaging, or better still a mixture of maize and 
guara^ as the latter is a rich legume. Jowar stalks may also br 
used if mixed with guara, but by itself, jomar^ particularly if 
ensilaged at the later stages of grow^tli, is inferior. If properly 
ensilaged (see Chapter VII) these fodder crops form a good ad- 
funct to the ration during the cold weather. 
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Amount of Food needed by Horses 

The amount of food that a horse needs will depend on its 
size^ the amount of work and exercise that it is doing, and to 
some extent on the climate. Temperament will also be a factor^ 
and a highly strung nervous animal will require, other things 
being equal, a somewhat greater allowance of food than a placid 
one. According to Morrison [1936] the total amount of con- 
centrates and hay fed should be from 20 to 25 lb. daily for a 
1,000 lb. animal and for those of other weights in proportion. 
Morrison gives the following amounts for different work stand- 
ards under American conditions for a 1,000 lb. horse: — 




Dry 

Total 

Digestible 



matter. 

digestible 

nutrients. 

piotein. 



lb. 

lb. 

lb. 

Idle horses, 

1,000 lb. 

13.0 — i8.o 

7,0— 9.0 

0 

CD 

1 

0 

00 

Horses at light work. 
Horses at medium 

1,000 lb. 

15.0 — 20.0 

9.0 1 1.O 

0 8 — 1.0 

work, 

1,000 lb. 

16 0 — 21.0 

I i.o — 13.0 

1.0 — 1.2 

Horses at hard work, 

1,000 lb. 

18.0 — 22.0 

13.0 — 16.0 

1.2 — 1.4 


A horse needs a certain amount of bulky food, for although 
concentrates alone would yield the necessary nutrients such a 
ration would not be suitable and should not be given. When 
being fed both concentrates and roughages the concentrates 
should be fed in three meals, in the morning, at noon and at 
night, and the more bulky roughage at intervals during the day, 
alSiough the main hay ration should be fed last thing at night. 
Where horses are getting plenty of grazing the even distribution 
of their food will be naturally met. 


Rationing Standards tor Horses 

In the absence of data for computing rationing standards for 
horses under Indian conditions, the Morrison [1936] standards 
may be accepted as a working guide, due allowance being made 
for the' results of practical experience. According to these 
standards the amounts of dry matter, total digestible nutrients, 
digestible protein and the nutritive ratios required for 1,000 lb. 
mares with foa! at foot, empty mares and young stock are as 
follows : — 
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Ration for emitv mares 


Gi<em jowar 
Bhusa 

Lucerne hay 
Vtnire grain 

Total" 

12 lb. 

4 lb. 
4 lb. 
2 lb. 
12 lb. 

Dr>" 

maftei. 

lb. 

3^0 

3-7 

3*7 

1.8 

2.4 

Total 

digestible 

nutrients. 

lb. 

2.16 

2.24 

1.92 

1.68 

1. 68 

Digestif >I< 
protein 

ib. 

0.12 

0.04 

0.36 

0.l!2 

0.30 

Nutiithe 

ratio 

">i Jb- 

14.6 

9.68 

e -94 

1 : 9.4 


Ration for mares 

WITH FOAL 

AT rool 


Grten jottar 

12 lb. 

3-0 

2 16 

0.12 


Bhhsa 

4 lb. 

37 

2.24 

0.04 


Luenne lia\ 

b lb. 

7.4 

3 84 

0.72 


Barle> 

2 lb. 

* 1.9 

I 58 

0.18 


Oran 

2 lb. 

T.8 

I 38 

0.20 


Total* 

y8 lb. 

17.8 

1 1 .20 

1.26 



Tat hav 

2 lb. 

Ration 

1-9 

FOR YTARLI^G- 

1.03 

0.06 


Lucerne hav 

4 lb. 

3-7 

1.92 

0.36 


Green jowa^ 

10 ib. 

2.5 

1.80 

0,10 


Gram 

2 lb. 

1.8 

1.38 

0.34 


Pasture 

12 lb. 

2.4 

1.68 

0.30 


Total: 

30 Ib. 

12.3 

7-81 

1. 16 

1 : 5.8 


The grain fed will depend to some extent on what is avaih 
ibl<\ Suitable combinations would be: — 

A. 2/3 by weight of oats 
1/3 by w'eight of bran 

B. 1/3 of oats, 1/3 of gram and 1/3 of bran. 

Should gram or bran not be available, maize may be used as a 
part alternative, but this should be supplemented by legume 
‘"ievings as described above. 

These alternative rations wall supply the necessary nutrients 
tnd will, to a certain extent, make up for the laxative ejff ect of 
"he bran, whidi is largely due to its fibioiis nature. 



FEEDING OF FARM ANI.MALS 


in drawing up .'standards for rationing horiiCs it is ncces- 
*5ary first of all to consider the maintenance requirements for a 
horse doing no work. According to Linton [1927] the main- 
tenance ration for a horse weighing 1,000 lb. should supply not 
less than 5 lb. of starch equivalents, which, converted into torm^ 
of total digestible nutrients are approximately 6.25 lb., and o.g 
lb. of total digestible nutrients should be added or deducted per 
ICO ib. of live weight over or under r,ooo ib.. Linton [1927] alsc 
g^’es the digestible protein required for a 1,000 lb. hor^e as 
approximately 0.60 ib.. Morrison [1936J however, gi\cs a some- 
what larger figure, 0.80 ih.. After the maintenance ration ha:: 
been provided' for it is necessaiy to give an additional lation 
according to the amount of wwk being done. The figures 
advocated for work production arc somewhat empirical owing to 
the difficulty in computing work in terms of energy expended. 
Various standards have been suggested by different workers, and 
Linton recommends the following additional nutrients ovei 
and above the maintenance requirements for eveiy hour of hard 
w’ork for a 1,000 lb. live weight animal:— 

Total digLStibL‘ Digestible 

nutrient*^’. protein. 

Ib. lb. 

!.2:, 0.13 

For horjscs of other weights the amounts required will be in 
proportion. On this basis the following would be the require- 
ments expressed in pounds of total digestible nutrients and diges- 
tible protein for a 1,000 lb. horst" doing 4 iiours bard work i* 
day:- - 


Uotal Digestible 

digestible protein, 

nutrients. 

ib. IK 

Requirements for nuinteuance . . 8,00 0.70 

Requirements for 4 hours’ 

hard work . . . . 5.00 0.60 


13.00 


1.30 
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C 3 nc cxiBBOt go ver>' far wronsf in regard to the di\ matter 
requirements, if the rations for horses at work are so arranged 
chat the total dr\’ matter contained in them amounts to 1.5 to 
2 per cent of the animal’s live weight, and for idle horses somf‘- 
what less, viz : — from i — 1,5 per cent of the live weight. The 
tendency in India on some stud farms and in the Army is to feed 
somewhat above these standards, but no hard and fast rule can 
be laid down and the standards given must be used in conjune- 
don with practical experience. 

According to these standards a 1,000 lb. barren mare doing 
ittlc or no work requires the following nutrients; — 


Drv 

matter, 

Ib. 

13.0 — 18.0 


Total disjestible 
nutrients, 
lb. 

7.0—9 o 


Di^estiblt* 
protein . 
lb. 

0.6 — 0.8 


Some years ago the author had occasion to investigate the 
rations fed to empty mares and mares with foal at foot of 1 ,000 
’b, live weight on a stud farm in tlic Punjab. The rations being 
fed to the mares, and the nutrients those contained were:— 





Dry 

Total 

Digestible 




niattci. 

digestible 

nutrients. 

protein. 




lb. 

lb. 

lb. 

Oal 

8 

lb. 

7.44 

3-84 

0.176 

Lucerne has 

4 

lb. 

3-48 

2.40 

0.440 

Lucerne green 

30 

lb. 

7-52 

441 

1 .020 

Grain mixture 
(Equal portions of gram, 

4 

lb. 

3.66 

3.02 

o-ac? 



22.10 

13.67 

2.003 

oats, bran and wheat). 


This represents a somewhat higher nutritive level than the 
Morrison standard, to comply with which the following rations 
may be suggested as alternatives: — 


Dr>’ Total Digestible 

matter. digestible protein, 

nutrients. 

lb. lb. Ib. 

(i) Oat hay 12 lb. 11-16 5.76 0.264 

Lucerne green 20 Ib. 5.01 2.94 0.613 
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Or 


(2) Oat hay 

8 lb. 

7‘44 

3.84 

0 17& 

Lucerne gieen 

20 lb. 

5.01 

2 94 

0613 

Grain mixtuic 

2 lb. 

1.83 

1.51 

0.184 



14 28 

8.29 

0.973 

The 1 ,000 lb. mares 

with foals at foot 

were being fed tlie follow 


ing ration ‘A’, which is again considerably higher in all respect^ 
than the Morrison standard. Ration may be suggested a> 
an alternative more in conformity with this standard. 






Dry 

Total 

Digestible 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Oat hay 

12 lb. 

X 1. 16 

5-76 

0.264 

Lucerne hay 

4 lb. 

3.48 

2.40 

0.440 

Lucerne green 

30 lb. 

7-52 

4.41 

1.020 

Grain mixture 

8 lb. 

7-32 

6.04 

0.734 

(Equal portions of 

gram. 




oats, bran and wheat). 






2948 

j8.6i 

2.458 






Oat hay 

12 lb. 

I i.i6 

5-76 

0.264 

Lucerne green 

20 lb. 

501 

2.94 

0.613 

Grain mixture 

4 lb. 

3.66 

3.02 

0367 



1983 

11.72 

1.244 


The lucerne hay has been eliminated, the green lucerne reduced 
from 30 to 20 lb. and the grain mixture also considerably re- 
duced, Ration ^A’ was exceptionally rich and it is question- 
able whether this was desirable, either from a feeding or an 
economic stand-point. Such readjustments are matters which 
the horse breeder must decide for himself from his knowledge 
of the quality of the feed which he is giving and the practical 
results he is getting. 
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The same stud was feeding the following rations to colts of 
about 500 lb. weight: — 


Rahovs for Colts or about 500 lb. 




Dry 

^ Total 

Digestible 



matter 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Oat hay 

8 lb. 

7.44 

384 

0.176 

Lucerne hay 

4 lb. 

34S 

2.40 

0.440 

Lucerne green 

20 lb. 

501 

2.94 

0-613 

Grain mixture 

6 lb. 

5-49 

4-53 

0.551 



121.42 

13-71 

1.780 


This again is considerably richer than the Morrison standard 
for such an animal, which is as follows: — 


Dry 

Total 

Digestible 

matter. 

digestible 

nutrients. 

protein. 

lb. 

lb. 

lb. 

10.9 — 13.3 

6.6—84 

0.9 — 1 0 


The following rations were accordingly suggested as alterna- 
tives: — 




Dry 

Total 

Digestible 



matter. 

digestible 

protein. 




nutrients. 




lb. 

lb. 

lb. 

Oat hay 

4 lb. 

3.72 

1.92 

0.088 

Lucerne hay 

2 lb. 

1.74 

1.20 

0.220 

Lucerne green 

20 lb. 

5.01 

2.94 

0.613 

Grain mixture 

2 lb. 

1.83 


0.184 



12.30 

7*57 

1.105 

Or 





Oat hay 

4 lb. 

3-72 

1-92 

0.088 

Lucerne hay 

2 lb. 

1.74 

1.20 

0.220 

Lucerne green 

15 lb. 

3-76 

2.20 

051a 

Grain mixture 

4 lb. 

3-66 

3.02 

0.367 



12.88 

8-34 

1.185 
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The colts were still growling, so both the alternative rations- 
were kept somewhat on the high side. It is always a safe plan 
to feed somewhat above requirements rather than below. 

It is interesting to note that the somewhat high level of 
feeding followed at the stud farm in question approximates very 
closely to the rationing standards laid down for Army horses in- 
India. Many of the horses on this farm have been bred from 
imported stock, and are either of pure imported blood or crosses 
with country^ stock. It may be that such stock need a some- 
what higher rationing standard in India, whereas a some- 
what lower one is suitable for the pure country bred horse. 

On this stud farm the above mentioned rations were being 
fed quite independently of free grazing in the paddocks, which 
Was additional. 

The object of the horse breeder is to bring his horses up to 
a certain weight and in good condition within a certain length 
of time, and experience will enable him to say whether this 
object can best be achieved by feeding his animals more, less, or 
in conformity with a given standard. 

In comparison with the above the amounts and kinds of 
rations fed to Army horses and the nutrients they contain are: — ■ 


When no Gpeen Fodder is available 

(A) Rides y Class 1 , light draught horses and officers^ chargers 
including Government chargers^ 15.0 haiuh and over. 




Dry 

matter. 



lb. 

Fodder ha>' 

ao lb. 

18.20 

Gram 

3 lb. 

2.76 

Barley 

4.5 lb. 

4.14 

Bran 

2-5 

2.33 


Total 

Digestible 


digestible 

nutrients. 

protein. 


lb. 

lb. 


10.20 

I. TOO 

Plus one 

2.40 

0.360 

ounce of 

3.20 

0.302 

per 

1.78 

0.225 

day. 
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(B) Ridcsj, Class I, riding ponies. Class L and officers' cha'igeis 
including Government chaigeis under 15.0 hands. 


Fodder hay 
Gram 

Barley 

Bran 

18 lb 16.38 

3 ib. 2.76 

4 ib. 3-68 

2 lb. 1.86 

9.18 

2.40 

2.84 

1.42 

0.990 

0.360 

0.268 

0, 180 

Plus one 
ounce of 
salt per 
da) . 


24.68 

15.84 

1.798 


(C) 

Riding pofiiesy Class II, 

14.2 

hands and 

over. 

Fodder hay 
Gram 

Barley 

Bran 

18 lb. 16.38 

2.5 lb. 2.30 

3 5 ib. 3.22 

2.0 lb. 1.86 

9.18 

2.00 

2.49 

1.42 

0.990 

0 300 
0.235 
0.180 

Plus one 
ounce of 
salt per 
day. 


23.76 

15*09 

1-703 



When Green Fodder is available 


(A) Green 
Gram 
Barley 
Bran 

Dry 

matter 

lb. 

lucerne 30 lb. 7.52 

3 lb. 2.76 

1 lb. 0.92 

2 lb. 1.86 


Total 

digestible 

nutrients. 

lb. 

4.41 

2.40 

0.71 

1.42 

Digestible 

protein. 

lb. 

1.020 

0.360 

0.067 

0.180 


13.06 


8.94 

1.627 

(B) Green lucerne 30 lb. 7.52 

Gram 2 lb. 1.84 

Barley 2 lb. 1.84 

Bran 2 lb. 1.86 


4.41 

1.60 

1.42 

1.42 

1.020 

0.24.0 

0.134 

0.180 


13.06 


8.8^ 

1-574 

(C) Green lucerne 30 lb. 7.52 

Gram x 5 lb. 1.38 

Barley 1.5 lb. 1.38 

Bran 2.0 lb. 1,86 


4-41 

1.20 

1.07 

1.42 

1.020 

0.180 

O-lOl 

0.180 


12.14 


8.10 

1.481 


AA 
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The rations given when green fodder is avaibblc arc distinct- 
ly higher than the Morrison standard, but approximate more 
to it in the case of the rations given when no green fodder is 
available. In the former case although the weights of the 
animals are not specified the green lucerne provides the neces- 
sary bulk. If horses are doing hard work the total amount of 
dry matter available in the ration is somewhat below require- 
ments, but if the animals are at rest, or only taking light exercise 
the dry matter appears to be sufficient. 


Mares with Foal at Foot 

The Morrison standard for a i,ooo lb. mare with foal at foot 
is: — 


Dry 

matter 

lb. 

15.0 — 22.0 


Total digestible 
nutrients, 
lb. 

9.0 — 12.0 


Digestible 

protein. 

lb. 

1-2— 1.5 


The rations fed at the stud previously mentioned for marcs 
with foal at foot in summer and wdnter were: — 


Summer. Oats 4 lb. 

Bran 4 lb. 

Maize green 80 Ib. 


Winter. Oats 2.7 lb. 

Bran 2.7 lb. 

Gram 2.7 lb. 

Berseem green 30 lb. 

Bhusa 8 lb. 

Lucerne hay 8 lb. 


Dry 

Total 

Digestible 

matter. 

digestible 

nutrients. 

protein. 

lb. 

lb. 

lb. 

3-64 

2.68 

0.176 

3-72 

2.84 

0.360 

16.80 

12.00 

0.800 

24. 16 

17-32 

ID 

CO 

CO 

2.46 

i.8r 

0.120 

2.51 

1.92 

0.240 

2.48 

2.16 

0.320 

4.50 

3.00 

0.660 

7-36 

3.60 

— 

6.96 

4.00 

0.620 

26.27 

16.49 

1.960 


An examination of these rations shows that they contain 
larger amounts of dry matter and total digestible nutrients than 
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given by the standard for mares with foal at foot. Tiie Army 
rations are, on the \\hole satisfactory, but it might possible by 
readjustment to effect a slight reduction in the dry matter and 
total digestible nutrients. 

Alternate rations more nearly approximating the Morrison 
standard are: — 







Dry 

Total 

Digestible 






matter 

digestible 

protein. 







nutrients. 







lb. 

lb. 

lb. 

tumult} . 

Oats 


4 

lb. 

3-64 

2.68 

0.176 


Bran 


4 

Ib. 

3*72 

2.84 

0.360 


Green maize 

60 

Ib. 

12.60 

9.00 

0.600 






19*96 

14.52 

1.136 

IV inter. 

Oats 


1*4 

lb. 

r.27 

0.94 

0.616 


Bran 


1.4 

lb. 

1.30 

0.99 

0.126 


Giam 


1.4 

Ib. 

1*29 

1. 12 

0.168 


Berseem 

gicen 

20 

Ib. 

3.00 

2.00 

0.440 


Bhnsa 

8 

lb. 

7.36 

3.60 

— 


Lucerne 

ha\ 

8 

lb. 

6.96 

4.00 

0.776 






21.18 

1 2.65 

2.126 

The 

Punjab 

winters 

are 

very cold, 

and horses 

take more 


exercise than in the hot weather and need more net energy 
from the food for heat pi*oduction. 

An examination of the ration given at the above mentioned 
stud shows that the dry matter, total digestible nutrients and 
digestible protein are satisfactory. The summer rations, how- 
ever, contain no dry roughage and a further alternative might 
be to replace a small portion of the maize, by some legume hay, 
so as to keep the dry matter, total digestible nutrients and diges- 
tible protein approximately the same. The object of the sug- 
gestion is on account of the fact that the summer ration is in- 
clined to be deficient in calcium and phosphorus. This, how- 
ever, has been provided for by the addition to the rations of all 
the animals, of one chattak per day of Churn brand flour mineral 
supplement, supplied by Imperial Chemical Industries, India. 
The winter ration is well balanced and comprises a considerable 
variety of feeding stuffs. 
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From I — 2 ounces per day of the iodine mixture pre\iously 
mentioned are also given. 

Rations for tonga ponies 

The average weight of a Punjab tonga pony is approximate- 
ly 600 lb. and whilst some are well fed and cared for, many do 
not get the necessary nutrients required for maintenance and 
work. On the assumption that a tonga pony is doing four 
hours hard work a day it would require the following nutrients 
for maintenance and the work performed: — 


‘A’ 



Total 

Digestible 


digestible 

nutrients. 

protein. 


lb. 

lb. 

Requirements for maintenance 

4.50 

0.320 

Requirements for work (4 hours) . . 

5.00 

0.800 


9-50 

1. 120 


The ration which a moderately w^ell cared for tonga pony 
actually gets in the summer is the following, which is well 
balanced and adequate; — 




‘B’ 





Dry 

Total 

Digestible 



matter. 

digestible 

nutrients. 

protein. 



lb. 

lb. 

lb. 

Dhub grass green 

30 lb. 

6.00 

4.20 

0.75 

Chaffed bhusa 

2 lb. 

1.84 

0.90 


Gram 

6 lb. 

5.40 

4.80 

0.72 

Bran 

2 lb. 

1.86 

1.42 

0,18 



15.10 

11.32 

1.65 


A representative winter ration for this type of pony, which 
is shown below, appears to be somewhat richer in nutritive con- 
tent than required by the standard ‘A’ above : - - 
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Luceine green 
Cliafted hhusa 
Gram 

Bian 

30 lb. 

4 lb. 

6 lb. 

2 lb. 

matter- 

lb. 

7.60 

3.68 

5.40 

1-86 

Total 

digestible 

nutrients. 

lb. 

4.40 

2.20 

4.80 

1.42 

Digesdble 

protein. 

lb. 

0.90 

0.72 

0.18 



18.54 

12 82 

1.80 

This ration could 

be readjusted thus 








Lucerne green 
Chaffed hhusa 
Gram 

Bran 

20 lb. 

2 lb. 

6 lb. 

2 lb. 

T>tv 

matter. 

lb. 

5-07 

1.84 

5.40 

1.86 

Total 

digestible 

nutrients. 

lb. 

2.93 

0.90 

4.80 

1.42 

Digestible 

protein. 

lb. 

0.60 

0.72 

0.18 



14.17 

10.05 

1.50 


Ration ‘C’ is richer in total digestible nutrients, digestible pro- 
tein and dry matter than the standard, therefore the quantity 
of wheat hhusa has been reduced to 2 lb. and that of green 
lucerne to 20 lb. 

It is well known however, that there are many tonga ponies 
which do not get anything approaching the rations shown 
above. 

Riding hoises 

Oats are generally considered to form the ration par excelU 
erice for this type of horse, and may form the staple concentrate. 
Although oats probably hold prior place in the feeding regime, 
gram or other carefully selected concentrates may be given up to 
8 lb. a day in three or four meals, the largest being in the even- 
ing, The concentrate mixture should contain a certain propor- 
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tion of bran, especially if there is liability to constipation. Suffi- 
cient hay, depending on the animal’s weight, and averaging 12 
lb. a day, may be given but this amount should not be exceeded, 
as hay is a bulky feed and must not be allowed to cause the 
horse’s body to get® out of trim and proportion, as style and 
proper movement are essential for the riding horse. 

The bulk of the hay should be fed long and the major portion 
given at night, the rest being fed at intervals between meals 
when the horse has leisure to eat it. 

The race-horse 

Whilst all the general principles of feeding apply to the race- 
horse, speed is the primary object needed, and consequently the 
ration must be such that no unnecessary fat is carried by the 
horse, as every ounce of weight beyond what is necessary’’ will 
reduce speed. The Arab horse is noted for its speed and 
capacity for endurance and in Arabia is generally fed barley 
rather than oats. In India, practical experience and the avail- 
ability of these two grains will determine to what extent oats 
should be fed to the partial or total exclusion of barley. 

No better advice could perhaps be given in regard to the 
general feeding regime of race-horses than that of Woodruff, 
reproduced below: — 

^‘After weaning, trotting-bred colts should be fed about 2 
lb. of oats per day, with an unlimited allowance of hay. As the 
colt grows older the amount of oats should be increased to 4 
lb. for the yearling, 6 lb. for the 2 -year-old before training and 
8-12 lb. for the colt 2 to 3 years old in training, an un- 
limited allowance of hay being given all this time. When 
going into winter quarters, the feed of the trotter should 
be reduced fully one-half in order to prevent fattening. A few 
carrots may be given and a bran mash occasionally, with good 
clean sweet hay. Horses whose legs must undergo blistering or 
firing should have more cooling feed, as mashes and carrots, 
with less oats, in order to reduce the tendency to feverish, in- 
flammatory symptoms. Care must be taken not to permit the 
animal to get flabby or washy by too much soft food while 
undergoing treatment. Horses turned out in the field should 
be fed oats twice a day, for the exposure increases the need of 
heat-giving food."^ In the spring when animals are shedding 
*/n north Indian winter. 
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their coat, bran mashes are given in order to keep the bowels 
open. With the beginning of the training season the feed should 
be increased to 8 or 10 lb. of oats daily, in which case the horse 
wants less hay, but may still have all he will clean up unless 
he is a glutton. It is necessary to muzzle some greedy horses to 
prevent their eating the bedding long before the time for the 
race. No carrots or corn should now^ be given, unless it is neces- 
sary^ to induce a light feeder to eat his oats by mixing a handful 
of corn with them. During the jogging and after preparation, 
a bran mash about once a week, depending on the condition 
of the hone’s bowels, wall be proper. The trainer must never 
relax his vigilant observations or let his judgment sleep. During 
fast work, preparatory to the coming trial, the horse will be put 
upon his largest allowance of strong food. Some wall not eat 
more than 8 or 10 lb. of oats a day, and it is necessary that such 
light feeders be not over worked. A good feeder ought to have 
about 12 to 13 lb. of oats wdth a fair amount, say 6 to 8 lb. of 
hay. Some wall cat r6 lb. of oats a day.” 


Feeding Brood Mares and Foals 

Great losses may be incurred in breeding due to neglect or 
improper feeding conditions and care of the mare. A cardinal 
point to observ^e is that exercise and light work combined with 
good feeding are essential for the production of good foals, but 
excessive wwk or strain should be avoided, and as foaling time 
approaches work should be reduced to a minimum and the 
mare allowed plenty of exercise out in the open. Special care 
is needed for brood mares to ensure an adequate supply of suit- 
able food rich in protein, calcium and phosphorus, particularly 
if the mare is not fully mature. During winter a considerable 
part of the roughage should be well cured legume hay, and bran 
should form a part of the concentrate. The bran may be kept 
at a minimum if good hay is supplied and the mares are idle. A 
modification of the feeding regime is necessary at the time of 
foaling when the feed should be temporarily reduced. Just 
after foaling the mare may be given a light bran mash, and suc- 
ceeding meals may consist of ground oats or a mixture of oats 
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and bran. For the next few days the ration should remain 
moderate and not too rich in protein and may be gradually 
worked up to noimal after about a week, when the mare may be 
allowed to graze on any pasture available. 

Data on the weights of foals at birth and their rates of 
growth are extremely scanty, and in the absence of such 
it is not easy to give any reliable figures for Indian conditions. 
Morrison, [1936], however, has recorded data obtained at the 
Macdonald Agricultural College in Canada on over 400 foals 
regarding their weights at birth and rates of growth. The aver- 
age weight of the sires of these foals was 2,050 lb. and of the 
dams 1,760 lb. The average weights were as follows: — 


Weight and Gains of Draught Foals 


At birth 
6 months old 

1 year old 

18 months old 

2 years old 

3 >ears old 

4 years old 


Weight at 
the given age. 
lb. 

120 

730 

1,020 

1,350 

1,480 

1,790 

1,980 


Daily gain during 
previous periods, 
lb. 


1.6 

1.8 

0.7 

0.9 

0-5 


During the first six months, therefore, these colts increased 
in weight, on an average, 3.4 lb. a day ; for the second six 
months the increase per day was 1.6 lb. ; for the third six months 
1.8 lb. a day, and during the fourth six months 0.7 lb. a day. 
During the third year the average increase in weight per day 
was 0.9 lb. and during the fourth year 0.5 lb. a day. 

Where a suitable machine for weighing animals is available 
it would be interesting to record corresponding data for differ- 
ent types of animals and plot these in growth curves. This 
would also facilitate the compilation of rations where the weight 
of the animals has to be taken into account. 

Useful data might also be obtained by grouping colts, under 
different rationing systems based on price and nutrient content to 
ascertain the optimum feed required to bring a colt to maturity 
within a specified time at a particular cost. 
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Fig. 1. Foals at foot feeding by themselves at troughs. 



Fig. 2. Weanlings at feeding. 
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Young colts should be encouraged as early as possible to 
begin eating from their mothers’ food, \\hich they are usually 
able to do when about a month old An excellent feed may be 
made from ground oats and bran, or from bran, linseed meal 
and ground maize in proportion by weight of 3, i, and 4. Young 
colts require plenty of protein and minerals, and at the time of 
weaning when the mothers’ milk supply of these nutrients is shut 
off, they should be getting from 2 to 2 5 lb. of protein rich con- 
icntrates per day, with sufficient good quality hay, preferably 
legume hay, but not in excess such as to cause distension of the 
stomach. Young colts may be given daily a small quantity of 
good quality ground bone-meal, from i /4th of an ounce per 
head upwards according to their weight and the nature of the 
roughage available. An excellent preparation is Churn brand 
bone meal flour supplied by Imperial Chemical Industrie^, Ltd., 
India. 

Part of the necessary protein may be supplied by feeding the 
colts with carefully pasteurised separated cow’s milk, and wLen 
^uflicient milk is available they may be allowed to drink as much 
as they can. The supplementary concentrate needed will thus 
be considerably reduced or may not be required at all for some 
months, especially if pasture of high nutritive quality is avail- 
able. Whenever possible young colts should be given access to 
good grazing, wbich is ideal both for them and the mares, and 
they will be initiated into the art of grazing by imitating their 
mothers and nibbling the grass. It is only under exceptionally 
good pasture conditions, however, that colts can be maintained 
•without any concentrate supplement. Should there be any tend- 
ency to rickets, fish liver oil may be administered daily in small 
quantities. 

After the age of six months when foals are usually weaned, 
they may be fed equal parts of oats and barley, or 3 parts oats 
and I bran, or ground maize may be fed instead of oats, or a 
mixture of 2 parts maize, 2 oats and i bran. As they grow up 
a certain amount of crushed roots mixed with small quantities 
of bean or pea meal or some other protein rich food may be fed 
The amounts of nutrients in the feeding stuffs available may 
be computed froTii the tables of their digestible nutrients given 
in Appendix i, and from the standard requirements shown in 
Appendix 2. Wherever the feeding stuffs fall short of the 
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standard requirements, particularly as regards protein, the ration 
must be supplemented by other protein rich foods, such as linseed 
meal, cottonseed cake meal or other oilseed cakes, including soy- 
bean. In north India crushed gram soaked in cow’s milk is 
often given to high priced weanlings. 

The computation of such rations forms an important part 
of the duties of every breeder and will constitute an interesting 
and profitable pastime. 


Feeding the Stallion 

The most important points to be kept in mind in feeding and 
caring for the stallion are, -to give him sufficient palatable and 
nutritive rations as required by the standards, and in conform- 
ity with the general principles enumerated above, and not to feed 
such an undue proportion of roughage as may cause him to 
become pot-bellied. The rations should be properly balanced 
in protein, minerals and vitamins and an integral part of the 
roughage wherever possible should be good quality legume hay. 
The latter, with the usual grain mixture will form a satisfactory 
basal ration for the stallion. When, however, only inferior hay 
can be obtained, a certain quantity of protein rich concentrates 
will be needed. For example, if only pasture hay is available 
and no legume, a suitable concentrate ration would be as 
follows : — 

1. Four parts oats, one part bran; or, 

2. Four parts oats, six parts maize and three parts bran ; or, 

3. Four parts oats, four parts maize and one part linseed 

meal. 

The actual amounts of the various mixtures and the roughages 
fed cannot be definitely specified, but should conform approxi- 
mately to the standard requirements for idle horses, or horses at 
work, according to the amount of work or exercise which the 
stallion is getting. 

Examples of the rations fed to stallions by the Army Re- 
mount Department in India are: — 



FEEDING OF HORSES AND MULES 


41 r- 


Wi\TER R\tion for a Thorough-bred Stallio\ 


Oats 

6 

lb. 

Dr\ 

matter. 

lb. 

5 46 

Total 

digestible 

nutrients. 

lb. 

4.02 

Digestible 

protein. 

lb. 

0 264 

Gram 

2 

lb. 

1.84 

1.60 

0.240 

Bran 

0 

Ib. 

1.86 

I 42 

0.180 

Lucerne 

lO 

lb. 

8.70 

6.00 

I 100 

Green fodder 

40 

lb. 

7.96 

5-48 

0 360 

(Maize or 



25.82 

18 52 

2 144 


SUMVER Raiio\ for A Thoroe’gh-ered Stalliox 


Oats 

5 

lb. 

Dr\ 

matter. 

lb. 

4-55 

Total 

digestible 

nutrients. 

lb. 

3*35 

Digestible* 

protein. 

lb. 

0 220 

Gram 

i 

lb. 

0.92 

0.80 

0.120 

Bran 

2 

lb. 

1.86 

1.42 

0 180 

Lucerne 

10 

lb. 

8.70 

6-00 

1. 1 00 

Green grass 

30 

lb. 

7.70 

5 ^5 

0.330 

{Dhub or anjan) 



23.73 

16.72 

1.950 


Daily Feeding Programme 

Horses may be fed according to the following daily pro- 
grammes: — 

1. The concentrate mixture may be given three or four 
times a day, the largest meal being reserved for the evening. 
The hay may be fed periodically in small quantities during the 
day after the concentrate feed has been taken, but, as with the 
latter, the major part should be given in the evening after the* 
last meal of concentrate. 

2. An alternative method is to cut up the roughage and mix 
it with the concentrate and allow the horses to have access to 
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it continuously through the day when in the stable, or from the 
nose-bag w^henever leisure is available during work. This 
method may be preferred for hard-worked horses, but for lightly 
worked or idle animals the first method has much to recommend 
it. 

Whenever it is necessary to feed larger rations than normal 
it is far better to give an additional meal or two rather than 
increase the size of the usual ones. 

As an example of a feeding time-table the following is taken 
from Animal Management, 1933, page 131, compiled by the 
"Veterinary Department of the War Office: — 

Heavy Other Horses Horses under 



DRAUGHT. OVER 1 5 

HANDS. 

15 

HANDS. 


Oats 

Hay 

Oats 

Hay < 

Oats 

Hay 


Ib. 

Ib. 

lb. 

lb. 

lb. 

lb. 

Reveille 

~ 

2 

- 

I 

_ 

I 

Morning 

3 

2(C) 

2 

ii(C) 

li 

ii(C) 

Mid-day 

4 

2(C) 


ii(C) 

2 

ii(C) 

Afternoon 



- 

li 

- 

iJ 

5 P-m. 

4 

2(C) 


ii(G) 

2 

ii(C) 

8 p.m. 

4 ‘ 

2(C) 

3 

ii(C) 


ii(C) 

Hay up 


3i 

- 

2i 

_ 

2 I 

Totals 

15 

15 

10 

10 

8 

10 


Note: (C) = chop. 


If it is not possible to feed the long hay as above, then give half at 
-mid-day and half at evening stables. It is better to feed four times 
-instead of three. 

It is indisputable, wdiichever method is adopted, that the 
horse is best fed in small quantities at a time, and as often as 
possible, as this is its natural method of feeding and suited to 
its small stomach, which cannot, like that of ruminants, store 
large quantities of food. Furthermore, if the horse is fed less 
frequently but in greater amounts, he is inclined to bolt his food 
.and the stomach which performs its work most efficiently when 
.only partially full, will become overloaded, and indigestion may 
result due to insufficient salivation and insufficient room in the 
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lYoung mules feeding (Brucepur Bstate, W Punjab ) 
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stomach If such unsatisfactorv lecding is earned to c^tiss 
especially if a laigc quantity of succulent feed n gi\cn at om 
time the food ma\ ferment with the evolution of gas and po^sioH 
cause rupture of the stomach 

Large quantities of green berseem or other succulent foddei 
should not m any case be given at one time to hoiscs owiig 
to the liability of distension of the stomach due to the evolution 
of gas Senji is even moxc unsatisfactoi^ m this respect and 
should be withheld altogethci 


FfEDIN'G OI' Ml LLS 

The general piinciples of feeding, the types of feed fed and 
the amounts given as outlined for horses, apply in everv respect 
to mules, with the proviso that, weight foi weight, mulca can 
get along satisfactorily on somewhat smaller lations than are 
needed for horses Mules, however, aie not so particular as 
horses about the quality of their rations nor are they as a rule 
such greedy animals as horses, and thc) are less likelv to bolt 
their food or take more than they need In this respect thev 
resemble cattle and may be fed roughage in the stalls and allowed 
to eat all they want Mules aie somewhat more particular than 
horses in regard to their drinking water and will often refuse 
to drink water whxch does not appeal to them, but which a horse 
will readily take Mules, as is well known, are very tempera- 
mental animals, and changes either m the feeding or drinking 
regimes will be distasteful to them For example, if they >iave 
been accustomed to be fed from troughs and watered fiom 
buckets they may refuse for a time to take their food from nose- 
bags, or their water from a stream They require therefore 
particularly gentle and knowledgeable care m handling 


Scale of Mule Rations in India 

The following table shows the standard Armv ration fed to 
mules m India as given in Animal Management, 1933, prepared" 
by the Veterinary Department of the War Office — 



414 


FEEDING OF FAKU ANIMALS 



Cl am 
crushed. 

Barley 

crushed. 

(a) 

Bran. 

Salt. 

Fodder ba\ 
other than 
oat ha\ or 
lucerne 
dr\ . 

(b) 

« 

Light draught mules, 
vtz. ' — draught mules 
in artillery, engineer, 
signal units and 

cavalry brigade trans- 
port companies other 
than those working in 

lb. 

lb. 

lb. 

02. 

lb. 

army transport carts. 


si 

2 

I 

18(c) 

Pack artillery mules 
Sapper and miner and 
Class I equipment 
mules of signal ser- 


3 


2/3 

20 

vice. 

•Class II equipment 
machine gun and 

Lewis gun mules of 
pioneer and infantry 


5i(d) 


2/3 

20 

battalions. 

.Armv transport draught 
and I St class pack 


5i(d) 


i 

15 

mules. 

Army transport, 2nd 

"" 

5i(d) 

" 

i 

14 

class pack mules. 

- 

4i(d) 

- 

i 

12 


(a) In Burma paddy will be issued in lieu of barley. 

(b) In stations where hay is not available, bhusa -will be supplied 

in lieu. The ration for mules in all stations will be hay 
or hhusoj whichever is cheaper, 

(c) Also 3 lb, bedding. 

(d) Or gram, Mhichever is the cheaper. 

In the U.S.A. Army, mules from 900 — 1,000 lb. weight are 
.allowed 9 lb. of a mixture of oats, maize, barley and bran, and 
14 lb. of hay per head per day. A light meal of the grain mix- 
ture is given in the morning, and the balance of the grain and 
all the hay in the evening. 

In the Abyssinian campaign 8 lb. of beans and 15 lb. of hay 
were allowed daily to mules. 

The actual amounts of concentrates fed will, as in the case 
of horses under service conditions, depend on what is available 
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locally, but no great error will be made if their rations are the 
same as those given to horses but in slightly lower proportionate 
amounts. The same general principles as outlined for colts wdil 
apply mutaih mutandis to young mules. 

The mule is a more hardy animal than the horse and can 
stand more rigorous conditions, or even neglect, without serious 
j'esiilts ; the horse can only be maintained in good condition 
by proper care and suitable feeding. 
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CHAPTER XIII 

CAMELS 

There are two classes of camel^ the double humped or 
Bactrian camel which is found in Turkestan and Central Asia 
and the single humped camel found in Arabia, Northern Africa^ 
Egypt, the Sudan, x^bys'^mia, Somalil9,nd and India, but it is 
chiefly the Indian camel which will be dealt with here 

Camels are very much cxeatures of habit and thrive best in 
the particular region to which they are accustomed, and those 
which are, so to speak, indigenous to the plains of India require 
considerable acclimatisation both in regard to feeding and treat- 
ment if transported to hilly or mountainous country. 

The too prevalent opinion in uninformed quarters that cameh- 
will stand any amount of rough treatment, and can go for days on 
end without water or food, is a bad mistake to make if camels 
are to be kept in good condition. They need satisfactory and 
regular treatment and feeding just as much as horses or working 
bullocks, and their feeding regime should be regulated accord- 
ingly, keeping in mind that they are ruminants, that their 
stomachs consist practically of only two cavities, and that their 
capacity to eat and digest very large quantities of roughage at a 
time is not commensurate with that of true ruminants. Camels, 
being by nature herbivorous animals, get their food in norma! 
conditions by grazing on whatever fodder or leaves of shrubs or 
trees they can find in the locality and when being worked normal- 
ly in these conditions may, if the grazing is adequate, be able 
to do without any supplementary ration. Such camels are well 
supervised by their owmers who take care that they are not turned 
out to graze in the heat of the day which the animals will general- 
ly refuse to do. If grazing is scanty, as it is in many parts of 
India, especially in the cold w^eather, camels will need a certain 
amount of grain ration, whilst natural grazing and other types of 
fodders constitute their natural food. They cannot digest large 
quantities of concentrates and therefore these must be regarded 
essentially as supplementary rations under normal conditions. 

416 
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IViien grazing, camels keep continously on the move, and will 
eat a little here and a little there during their wanderings. 

Under service conditions camels are unlikely to get the same 
facilities for regular grazing, and may frequently find themselves 
in localities where no grazing at all is availalDle. While it is 
admittedly true that camels can, if driven to it, go for several 
days without food, they should nevertheless, be fed a proper 
quantity of dry fodder in the form of good dktisa perferably nnssa 
bhusa {legume hhusa) , rather than white hhusa (wheat bhusa) ^ 
or good quality hay wherever natural grazing is lacking. Camels 
which are fed a regular supply of bulky forage are likely to keep 
their condition better than when grazing is the chief source of 
roughage. It may not always be possible to adopt this regime, 
but it should be adopted as far as possible when hard w’ork 
and long marches are called for. Green fodders are not suit- 
able for camels doing hard work as they do not provide sufficient 
nourishment for the animals’ nutritive requirements. 

The regular feeding of camels with bulky forage ensures that 
they get sufficient food and obviates the danger of poisoning by 
poisonous plants. Green food of any description is relished by 
camels and they will eat almost any green crop, particularly 
legumes. When however they have been accustomed to dry 
roughages they should not be given too much succulent feed to 
start with, as they are inclined to overeat in such conditions 
and may suffer from colic as a result. 

A safe general rule to follow, whether camels are living under 
normal conditions or more strenuous service conditions, is to 
treat them like any other herbivorous animal and ensure: — 

1. That a sufficient amount of dry fodder be fed as an alter- 

native to, or in combination with natural grazing, and 

2. That they have sufficient time to chew the cud to ensure 

proper digestion. 

When grazing is available and circumstances permit, they 
should be allowed at least six hours grazing a day, and when hard 
worked and this is difficult to obtain, dry fodder must be sup- 
plied. 

Camels when free to graze will eat almost any green stuff 
they can find. Watt gives a long list of plants wffiich are eaten 
by camels: — ‘^Acacia arabica (babul), A. Famesiana, Aegiceras 
majus, Albizzia Lebbek (Siris), Alhagi maurorum (camel thorn 

BB 
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or Shiitar Khar)^ which is collected in the Pishin valley in 
October and November^ beaten up into Bhusa^ and stored; 
Amarantus polygamus^ Anthrocnemum indicum (Machur)y 
Atriplex Stocksii, Avicennia officinalis^ Bauhinia racemosa, 
Berberis (several species), Calligonum polygonoidcs, Garduus 
nutans, Carchorus antichorus, Gressa crctica, Grotalaria Burhia 
(Sis), Dalbergia Sissoo, Dodonaea viscosa (aliar) said not to* 
have suited camels at Thul, Eclipta alba, Haloxylon multiflorum 
and Hal. recurvum (the salt plant most relished by the camel 
in India, from it Kharsaiji is chiefly made), Plaloc haris violaceae^ 
Indigofera pauciflora, Kochia Indica, Lippia nodiflora, Lepta- 
denia Spartium, Lycium eiiropaeum, Melia azadirachta (Nim) , 
Mimosa rubicaulis, Mollugo hirta, Phoenix dactylifera (Date 
palm), the ground kernels of the fruit and the leaves arc given 
to camels, Pistacia integerrima and P. mutica, Prosopis spicigera, 
Psora lea plicata, Quercus ilex (the Holly oak), Rubia tincto- 
rum (Madder), Salicornia brachiata, Salsola foelida ct kali, 
Salvadora oleoides ct persica, Suaeda fruticosa ct maritima et 
nudiflora, Tamarix gallica, Tria nthema cry’-stallina et monogyna 
et pentandra, Vitis carnosa, Zizyphus mummularia (Jhari) the 
staple camel fodder in Rajputana, Zygophillum simplex.” 

In Australia it has been found that camels are very fond of 
Sterculia or native poplar (Brachtchitob Gregorii), also of Swain- 
sonias and Psoralcas. They do not care for oily scented Myr- 
taccac, such as Eucalyptus, Melaleuca, etc.” 


Feeding of Grains 

Gamels will eat almost any kind of grain once they 
become accustomed to it. Gram and barley are equally 
good and are usually fed in India. When camels are being 
hard worked, not less than five or six pounds of gram 
should be fed per day. Part of this may be given in the morn- 
ing and the rest in the evening. The amounts fed at these two 
meals, however, should be adjusted according to the length of 
working hours, and under conditions of light work the major 
portion or even the whole of the grain may be fed in the even- 
ing. The gram should always be fed crushed as the teeth of 
camels are not suitably formed for crushing grain, and if the 
whole grain is fed a considerable amount may be passed whole 
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with the faeces v.ithout being digested. This is uneconomical 
and may also lead to digestive troubles. It is advisable that 
crushed grain should be fed with a liberal amount of bhusay 
otherwise the camel, which is a voracious eater is likel'y to swallow 
the grain without proper mastication. 

It is not a sound policy to feed camels an excessive amount of 
grain at the expense of fodder, otherwise the necessary bulk will 
not be obtained. 


Salt 

It is necessary to give camels a salt ration every da'^ , and a good 
way to feed this is to dissolve the salt in water and damp the 
food with it. This makes the food more palatable and prevents 
loss by scattering and being blown away by the wind. It is 
customary in the army in India to give up to five ounces of salt 
a day and this has been found to produce a very beneficial effect 
on the health of the animals. If salt is not given there is great 
danger of a disease called Jhooling, a form of necrosis of the skin. 
When plenty of salt is piovidcd in the ration, howevei, this- 
disease is unlikely to occur 


Rations for Camels in India 

In India it is customaiy^ in the Army to feed five pounds of 
gram or grain mixture per day under normal conditions, and 
seven pounds on active service conditions or when the camels 
are hard worked. The amount of dry fodder should be i8 lb. 
of bhusa, or 25 lb of dry foddei, or 40 lb. of green fodder. Forty 
pounds of green fodder, however, although useful as a succulent 
vitamin yielding feed, which provides considerable bulk, will not 
yield the same amount of dry matter or digestible nutrients as 
twenty five pounds of hay. These standards have been found 
from experience to be suitable, and provided the camels keep in 
good condition and can perform their work when called for, 
there is little reason to unduly increase this allowance. The 
bhusa usually given is missa bhusa, and the grain a mixture of 
2.5 lb. each of barley and gram. Other grains, such as rice, bajra 
and other millets may be used if judiciously fed. Salt is fed in 
addition as noted above. 
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The following table shows the standard rations for camels in 
India as laid down by the Veterinary Department of the War 
Office : — 


Ground barley or gram if 
barley is not obtainable 

green 

Fodder or 
dry 

or 

Bhusa 

Salt 

Under strenuous conditions i lb. of gur may be fed per animal 
per day. It is useful also to feed Cumin seed (^ira) up to i 
lb. per month as an appetiser and gastric stimulant. The millets 
are difficult to crush and this cannot always be performed, but 
crushing is not so necessary as in the case of grains. 

Other suitable alternative feeds which may be given to camels 
under different conditions are: — 

1. 4 lb. grain and millets. 

20 lb, bhusa or wheat straw (without grazing). 

2. 4 lb. grain. 

8 lb. roughage (when good grazing is available) . 

3. 5 lb. grain. 

12 lb. hay (without grazing) . 

4. 4 lb. grain. 

30 lb. dry fodder (without grazing). 

Steel (1929) states that fresh beans and chopped straw may be 
employed as rations for camels, but that beans are found to be 
too heating under the hot arid conditions of the desert and should 
be replaced by barley and cotton seeds. Jowar however is con- 
sidered to be the best grain to feed under such conditions. Die 
same writer quotes the following as also being suitable rations 
under Indian conditions according to the amount of work being 
performed : — 

(a) 20 — 25 seers missa bhusa daily, no gram. 

(b) 6 seers missa bhusa plus 6 seers white or straw bhusa^ 

plus 2 seers crushed and soaked gram or mote. 

(c) 8 to 10 seers white or straw bhusa^ plus 3 seers crushed 

and soaked gram or mote. 


Peace 

5 lb. 

40 lb. 

25 lb. 

16 1b 
1 oz. 


War. 

6 lb. (If inferior 
quality, 7^ lb ) 
40 lb. 

25 lb 

161b. 

H 02. 
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In cold climates mote is better then barley, and in the cold 
weather in India, one pound of ata mixed with ghee may re- 
place twice its weight of gram, the ata and ghee being useful 
for heat production. 


Watering the Camel 

It is as important that camels should be as well watered as 
well fed, and although they can undoubtedly subsist for long 
periods without water, even as much as ten days or longer in 
the case of Somali camels, they should be watered regularly 
according to their needs whenever opportunity permits. Under 
strenuous conditions of hard work or active service they should 
not be deprived of water longer than necessary, for the harder the 
work or the heavier the load camels have to carry, the more 
water will they need. Different breeds of camel vary much in 
their capacity to do without water, but the Indian camel will do 
well if watered every two days. When a camel has been depriv- 
ed of water beyond its customary period for any length of time, 
it should be judiciously watered, and given only a small quantity 
to begin with and then after a short time allowed to drink as 
much as it can. 

Under strenuous conditions during the hot weather a camel 
may drink over twenty gallons, a considerable proportion of 
which it can store in the form of a special physiological subcut- 
aneous oedema. In addition, a considerable reserve can be held 
in the muscles and hump, but the actual amount needed will 
depend on the type of animal, the climate and working con- 
ditions. If they are working hard in high temperatures it is 
best to water camels every day, preferably in the afternoon or 
evening, on their way back from grazing. The large type of 
camel such as the Egyptian Delta camel should in any case be 
watered daily, whilst the Somali camel can go up to five days 
without water without loss of condition. 

A sound general rule on service would be to water the animals 
every day if water is available. Camels, however, can be accus- 
tomed by careful training to take water less frequently than is 
their usual habit if necessity arises. They soon learn when 
watering may be expected, and so the watering regime should be 
made as regular as possible. 
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Camels arc particularly fastidious animals in regard to their 
water and much prefer still to running water. The water should 
not to be too cold, and watering should usually take place before 
they receive the evening meal of grain. When they are allowed 
to drink water from a stream they should be given plenty of room, 
and they should not be taken away before they have had their 
fill. Camels like to be leisurely in drinking, as in all their other 
activities, and will usually take a long drought to begin with, 
and then stand about for some time before taking their full 
requirements, and if very thirsty they may take a considerable 
time. 


Feeding in Stalls 

Camels are unsociable animals when feeding, and under nor- 
mal conditions each animal should be allowed to have its own 
separate trough or stall, these being arranged in lines. If they 
are allowed to feed communally from the same though they 
are inclined to become restive and kick or bite their neighbours, 
and young or weaker animals may be prevented from eating 
their proper allowance. Waste will also be avoided by employ- 
ing separate troughs. Convenient troughs (Fig. 12) or man- 
gers may be made by constructing carefully plastered mud cir- 
cular depressions about six inches deep below ground level, with 
a circular rim of similar height above ground' level, and so 
arranged that the surrounding earth slopes gently away from the 
rim. Permanent troughs may be constructed with cement. 

Experimental Rations with Camels 

Little experimental work has been done in India on the 
rationing of camels, but Cross [1917] has recorded the results 
of various experimental rations tried on medium sized camels 
which were doing no work and had poor grazing. He sum- 
marises his findings as follows: — 

“The average amount eaten per animal was ; — 

1. Gram 12 lb., plus missa bhusa 20.6 lb. 

2. Gram 6 lb,, plus missa bhusa 23.1 lb. 
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3. Missa bhusa without grain, 24.9 lb. 

4. Gram 6 lb., plus moth bhusa^ 26.7 lb. 

5. Moth bhusa without grain, 29.9 lb. 

6. Barley 5 lb., plus turnips 26.6 lb., plus moth 26.4 lb. 

7. Gram 6 lb., plus green taramira, 66.1 lb. 

S, Green sarson, 135.4 

Tw^o year old camels ate on an average 4 lb. of gram plus 14.7 
lb. of bhusaf^ 

“These experiments were carried out wdth camels suffering 
from surra and doing no work. It is therefore probable that 
healthy camels doing hard work would eat more. The experi- 
ments however show that the Government ration, of 16 lb. of a 
mixture of white (wheat straw) and missa bhusa (pea straw) 
is insufficient. Camels can be trained to eat wheat straw, hay 
and oat hay etc. They will also eat barley and Indian corn 
(maize), but they do not relish the latter”. 
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CHAPTER XIV 

PIGS 

The popular idea that it is the easiest possible thing to feed 
pigs, and that they may be allowed to eat anything, and hence 
do not need the same carefully planned rations as in the case of 
other farm stock is fallacious. The object of breeding pigs is to 
bring them to a certain live weight in the shortest possible time, 
and to ensure that the meat yielded by their carcases is of good 
quality. Good breeding and judicious feeding will attain these 
ends, but breeding will not produce a good carcase if feeding has 
been conducted on wrong lines. 

The pig is one of the most efficient of all farm animals for 
converting the nutrients contained in the food into live body 
weight, and if properly fed, the rate of growth of the pig is 
greater than that of other animals. In feeding, certain basal 
principles must be kept in mind. The pig is essentially an her- 
bivorous animal, and it«; natural method of obtaining its food 
is by grazing and feeding on roots and other ground crops which 
it can find. Nevertheless, although grazing is natural to the pig 
the pig’s stomach, unlike that of the ruminant is unable to contain 
and digest large quantities of bulky foodstuffs. On the con- 
trary, in order to obtain optimum growth, the major part of the 
food should be in the form of concentrates. Furthermore, the 
concentrates best suited for the pig are cereal grains, millets, 
gram and so forth, most of which are essentially carbohydrate 
foods rather than protein. Under natural conditions the pig is 
able to look after itself and chooses by instinct those foods which 
suit it best, but under controlled conditions of feeding in pig- 
geries, the pig’s activities in this direction are limited, and, con- 
sequently, feeding stuffs must be selected which are consonant 
with good growth. As the pig is largely fed on cereals, suffi- 
cient minerals must be supplied in tlie ration to counterbalance 
the mineral deficiencies of the former. During the early stages 
of the pig’s life, when growth is greatest, it is necessary that suffi- 
cient protein be fed to provide for growth; hence the ration 
must have a narrow nutritive ratio, which may be widened con-- 
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siderably as the fattening period approaches. At this stage tlie 
primary object is to bring the pig into good selling condition with 
well-conditioned fat distributed throughout the lean part of the 
carcase. 

Bearing in mind that the prime object of pig production is 
to produce the maximum weight of good quality pork or bacon 
with the minimum expenditure on feeding stuffs, the feeding 
regime must be adjusted accordingly. It is desirable, therefore, 
to review the live weight increases which pigs may be expected 
"to make under good feeding conditions, and the feeding stuff s and 
.quantities needed to make these increases. It is also important 
to keep in mind the fact that, as for other animals, the ration 
must provide for both maintenance and production, i.e., the 
ration must first of all cater for and maintain the pig’s general 
bodily functions as described in previous chapters, and after the 
maintenance ration is provided, an additional amount of food 
must be fed for production in the form of growth or fattening 
The pig’s maintenance requirements at any particular age or 
weight must always be provided for, and therefore, when feed- 
ing for meat production the full production ration should be 
fed. Unless this is done the rate of growth will be ictardcd, 
and consequently the difference between the food requiicd for 
production increase over that required for maintenance will be 
greater ; or expressed differently, food will be wasted if full pro- 
duction is not maintained and the pig brought to the required 
.condition as early as possible. The principle is precisely the 
same as in the case of a cow producing milk. The cow needs 
its basal maintenance ration whate\ er the yield of milk ; so will 
the pig. Hence, whether the pig is intended for pork or bacon, 
it should be ready for the slaughter house and of a certain body 
weight as soon as possible. Prolonged feeding beyond this stage 
will not produce proportionate increases in pork or bacon and 
the food then fed will be largely wasted. 

Demnark was until recently the country most noted for its 
skill in regard to breeding and feeding for pork and bacon for 
the export market and the national industry had attained a 
high level of perfection. In recent years the pig industry has 
also reached considerable dimensions in England and the U.S.A., 
"hut in England, as the recent activities of the Pig Marketing 
Board illustrate, it has not yet reached the degree of perfection 








Fig 3 Large white Yorkshire boar 
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found in Denmark. In India the pig industry' is on a much 
smaller scale and confined to certain well established piggeries 
situated in or near a few of the large towns. Keventer’s 
piggeries at Aligarh, Calcutta and Darjeeling, and those of the 
British India Steamship Coy. at Calcutta are the best examples. 

These piggeries are lun on approved principles but the gen- 
eral standard of bacon, poik and ham production in India is 
still on a somewhat different level from that in the above men- 
tioned countries Furthermore, while in the latter the pig in- 
industry serves the requirements of the nation as a whole, in 
India it caters for only an extremely small part of the popula- 
tion, chiefly the European. 

Choosing the Breed 

The main breeds which are found m India arc the Large 
White, the Middle White and the black Berkshire. In India 
the best quality pork is said to be produced from the pure 
Middle Whites, or by crossing the Berkshire boar with Middle 
W^hite sows The latter combination is ideal whether for pork 
or bacon Excellent quality lean poik and bacon may also be 
produced by crossing the fine boned type of Large White boar 
with the Middle White sow, or the Berkshire sow may be crossed 
with the Large White boar for bacon, and with the Middle 
White for pork. In breeding from whatever type, however, 
the pig bleeder should look carefully into the antecedents of the 
animals he selects in regard to their milk production, and the size 
and number of the progeny they produce. 

Sows and boars of established milk yield and progeny pro- 
duction should be preferred. The breeding sow should have 
not less than twelve teats evenly spaced, and positioned as far 
forward as possible 

Once the breed has been decided on, and whether required 
for pork, bacon or dual purpose, the next object will be to adjust 
the feeding arid arrange for a proper balance between stall feed- 
ing and pasturage where facilities lor the latter exist. 

Feeding Weanlings and Young Pigs 

The weight of an average piglet at birth is from two to three 
pounds, and if the sow is in good condition and well fed, the pig- 
let should put on weight rapidly in the first few weeks after it 



428 


FEEDING OF FARM ANIMALS 


is born, and continue to do so if properly fed after weanino- 
the best time for which is at the age of six weeks to two months. 

The efficiency of the future pig both from a production and 
an economic point of view will largely depend on the feeding in 
the transition period after weaning to full production feeding. 
The weaning process should be gradual and supplementary feeds 
introduced in very small quantities from about the age of one 
month, and gradually increased, till at the time of weaning the 
young piglets should be about 15 lb. in weight. They should 
then be fed on sloppy food and butter milk, and skim milk when- 
ever available, until they are 6 months old, when their weights 
should be from 60 to 80 pounds. As soon as the piglets start 
to eat solid food-when about a month old, they should be given 
the above mentioned food in gradually increasing quantities 
placed in shallow troughs so constructed that the little pigs can 
easily get at their food, but not the sows. Too much food must 
not be given, or allowed to become stale, and trouble is fre- 
quently experienced by not taking this simple precaution. From 
the age of one to two months onwards, the ration of the little 
pigs must be adjusted to meet a satisfactory live weight increase, 
and with proper feeding a certain live weight may be expected 
at any particular age. The following table [Ellis, 1937] shows 
approximately the weights which may be expected for different 
types at different ages: — 


Age in months. 


Pork t\pe. 

lb. 

Bacon type. 

lb. 

Young breeding 
stock, 
lb. 

0 


3 

3 

3 

I 


14 

14 

14 

2 


32 

32 

32 

3 


55 

50 

42 

4 


85 

80 

67 

5 


120 

115 

97 

6 


— 

155 

IgOf 

7 


— 

200 

165. 

8 


— 

245 

2oa 

9 


— 

— 

230* 

12 


— 

— 

280 
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According to Moiribon [1936] the amount of food which 
-should be fed, and the live weights which may be expected at 
different periods of growth are shown below — 


Economy of gam of at diferent stages of gro^ith 


* * 


Weight ot 
pigs. 

U-, 

0 

0 

Feed per 
ead claib 

cS ’ 2 ! 

"si 

)aily gain. 

Feed per 
0 lb gain 

Dressing 

reentage.* 



.£3 



Q 

B* 



lb. 

lb. 

lb. 

Ib*^ 


Birth to 100 lb 

37 

2 2 

42 

0 8 i 

304 

777 

100 to 200 lb. 

30 

6.1 

40 

1.70 

359 

834 

200 to 300 Ib 

23 

76 

3 0 

1,83 

415 

86 4 

300 to 400 lb 

16 

78 

2 8 

1.71 

470 

88 1 

400 to 500 lb. 

7 

8.0 

I 6 

1.58 

510 

88 2 


* 6 lb of skim milk, fed to some of the pigs in the ist penod, con- 
sideied equal to i lb of concentiates 
**A\erage foi 2 expeiiments 


The best economic live weight increases are attained some- 
what sooner witli porkers than with bacon pigs, and it is usual to 
allow the latter a longer time before reaching maturity. With 
pigs designed for breeding purposes the age of maturity can be 
somewhat delayed and the feeding regulated accordingly. 

In the early stages of growth when the pig is putting on 
considerable weight in the form of body tissues the ration should 
provide for a narrow nutritive ratio of not more than i :3.5. 

It will be seen from the table on page 428 that baconers and 
porkers put on approximately equal increases in weight for the 
first five or six months, and at about eight months of age the 
porker should be marketed if first class pork is desired. 

It will also be seen from tlie above table that the greatest 
average daily live weight increases occur with bacon pigs at 
from six to eight months, so that at this age it is necessary to 
feed more total digestible nutrients per lb. increase in live weight. 
Furthermore, the average requirements for maintenance are 
greater as the weight of the pig increases. 



430 


FEEDING OF FARM ANIMALS 


Rations for Young Pigs 

From the time the young pig is fully weaned there is a con- 
siderable variety of rations which may be used, but it is advis- 
able for the succeeding four months to feed swill (the refuse from 
hotel and domestic kitchens), butter and skim milk, after which 
about 3 lb. of swill per day together with green material such 
as cabbages and other green fodders may be given. An alter- 
native to swill is up to 3 lb. of gram per day, one lb. of gram 
being approximately equal to 2 lb. of average swill. 

While a considerable variety of rations may be employed for 
young pigs, gram usually forms the basis of these in India when 
it is obtainable. Gram may be combined with a mixture of 
barley meal, flaked maize, and middlings (see Ch. VI), with aa 
addition of white fish meal when this can be obtained, so as to 
get a nutritive ratio of approximately i : 3.5. A mixture of gram 
and wheat, gram and barley or peas and barley is frequently 
referred to as hejhar, and about 2 chataks may be fed per day 
towards tlie end of the weaning period, and increased to from 
5 to 8 chataks per day gradually from the age of 5 to 6 months.. 
The following table shows the feeding routine practised at the 
Keventer Piggeries, Aligarh, U. P., and is reproduced by permis- 
sion: — 


Daily nation list for gi owing pigs 


I. 5 weeks to 

2 

chataks 

bejhar — half 

in the 

morning 

and’ 

7 weeks 

2. 3 to 4 months 

5 

do 

half in the 
do 

evening 

do 

do 

do 

(separated from 
mother) 

3. 4 to 5 months 

61 

do 

do 

do 

do 

do 

4. 5 to 6 months 

8 

do 

do 

do 

do 

do 


With as much grass and lucerne, preferably lucerne, as they can eat,, 
and as much skim milk or butter milk as is available. 


The diet should not be arranged too exclusively from one or 
two feeding stuffs only, such as wheat offals or other grains, as 
these are notoriously deficient in calciutn. Various legume seed 
meals such as pea and bean meals may be fed as supplements, 
or moderate quantities of oil seed cakes, although cottonseed 
cake should not be given to young pigs. The best results* 
whether for bacon or pork are obtained when dairy produce such 
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as skim milk, batter milk or uhcy are fed. In the early stages 
of growth the food may be given in a fairly sloppy condition, 
but this should gradually be reduced and some of the food fed 
dry. If available, a certain amount of green food should also 
be given, but not in excessive quantities, and it should not be 
allowed to accumulate and become stale. 

Young pigs should be allowed good grass or lucerne grazing 
whenever possible, the latter being particularly valuable on 
account of its richness in calcium and phosphorus, both of which 
arc essential for growth of bone. Where sufficient quantities of 
legume feed arc not available young pigs should be given a .sub- 
stitute such as fish meal or carefully steamed bone meal or com- 
mercial calcium phosphate. Oats should be crushed and sieved 
to remove most of the husk and fed only in moderation. As 
young pigs require chiefly concentrates, too much dry^ bulk^ 
material should be avoided. On this account bran is not veiy 
suitable as it is loo fibrous. Potatoes should also be avoided et 
too early an age as they arc too carbonaceous, are inclined to 
produce bloating and do not provide the requisite protein. They 
should be steamed or lightly boiled before feeding. Young pigs 
should be fed three or four times daily and only given as mucli 
at a time as they will finish. 


Fieding Pigs for Market Purposes 

After the young pigs have arrived at tlic stage when they can 
feed themselves they should be fed according to whether they 
are required for pork, bacon or breeding purposes. If intended 
for pork they must be fattened and ready for the market at 
from 7 — 8 months of age, when the live %veight for a Middle 
White porker should be approximately 150 lb., and 120 lb. when 
cleaned. Cleaning will thus reduce the gross weight by about 
20 per cent with the head still on, and by 27 per cent to 30 
per cent when the head is removed. The intensity of feeding 
will be greater than for bacon pigs (which will not be ready till 
one year old), and almost the whole of the food will consist 
of meal. It is necessary in feeding pigs, while keeping these 
separate objectives in mind, to have a rough working guide as 
to the total digestible nutrients and digestible protein wffiich the 
food should contain. But few digestibility trials have been 
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carried out on pigs in comparison with the number on cattle^ 
the most famous being those of Crowther at Newport, England, 
those of the late Prof. T. B. Wood at Cambridge, and the earlier 
trials of Kellner. Wood [1937I prepared a chart showing the 
calories needed per lb. of live weight increase, and the calories 
needed for maintenance plus ordinary movements per day, and 
also the protein requirements per day for pigs of different live 
weights. To facilitate computation from the analytical data in 
appendix r, the author has converted this chart as nearly as 
possible, for sake of simplicity and ease in calculation, into re- 
quirements expressed as total digestible nutrients and digestible 
protein (Fig. 13 ). This chart may be used for computing rations 
for pigs exactly as described in the case of cows. 

Another method sometimes used is to employ w’hat is called 
a “unit of pig meaF^, with a total digestible nutrient content of 
above 80 which represents the average pig meal on the market. 
This means that 100 lb. of average pig meal contains 80 lb. of 
total digestible units. 

Ellis [1937] gives the following daily requirements for porkers 
in terms of such a standard meal: — 


live weight 
lb. 

Between 30 and 70. 
Between 70 and 130, 
Between 130 and 170. 
Between 170 and 230. 
Between 230 and 270, 


Average daily requirements 
lb. meal equivalent. 

(5% of live weight). 
4i (4i% of live weight). 
{ 3 i% of live weight). 
(3!% of live weight). 
7 i (3% of live weight). 


If reference is made to the table on page 428 ft will be s€dii 
that from the second month to the fifth month a porker shotM 
put on 90 Ib. in weight in 90 days, or one pound a day; hence 
from the above table the daily requirements in terms of standard 
pig meal would be: — 

Therefore, on an average, one pound live weight increase will te 
produced by feeding about 3J lb. of meal equivalent confeining 
the following: — 

CG 
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T.D.N. 

Gram *. .. ai lb. 1.50 

Maize «• t lb. 0.32 

Earley «« «• I lb. o*33 

3.15 lb. 


This mixture will provide 3.15 lb. of total digestible nutrients. 
Reference to the charts shows that the average total digestible 
nutrients required for maintenance and movement between these 
ages and weights is a. 8 Ib.^ and the average daily requirements for 
live weight increase is approximately 0.8 lb., or 3.6 lb. in all 
(2.8 plus 0.8). 

Feeding, however, cannot be conducted according to a strict 
mathematical formula, but these figures provide an approxi- 
mate guide to requirements for the particular purpose in view. 
When pigs arc being fed for bacon the intensity of feeding in 
the early stages should be less than for porkers,, consequentK' a 
suitable w^orking guide would be to make a ten per cent reduc- 
tion from the meal requirements described above in calculating 
the food needed for baconers. 

From the age of 7 to 8 months (when the porker w'-ou’d 
usually be killed) pigs which are being fed for bacon have 
arrived at an age when a greater amount of food is required to 
produce a pound of live weight increase than was the case at 
earlier stages. By the use of the table it is possible to calculate 
the daily requirements in meal equivalents to produce a pound 
of live eight increase in the baconer. Thus a baconer 30 weeks 
old and weighing 200 lb. wall have gained, according to die 
table, 1 70 lb. in 22 weeks, assuming it was weaned at the age of 
8 weeks. Hence its average daily increase in weight would be 
170 

22 x 7 ^ which is equal to 1.1 lb. On the basis of feeding 
for porkers the average daily meal equivalents would be 

lb. 

4 


If a deduction of MO per cent from this is allowed a 
figure of 4.3 lb. is obtained or half a pound of meal equivalent 
mote per day than is required for the porker. This supports 
the contention that it is more expensive to feed for bacon tiian 
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for pork- When feeding for bacon after the porker stage pigs 
should not be allowed to become too fat. Corresponding calcula- 
tions for other weights may be made from the chart. The cliart 
may also be used for computations for general production pur- 
poses. 

Tlie standards for pig feeding may be summarised by saying 
that tl)c pig meal unit in terms of mixed meal represents 8o 
lb. of total digestible nutrients^ and tinat the chart may be used 
as a guide to ascertain the needs for different weigiits and ages. 
Young porkers should be fed almost the whole of their food in 
tlie form of meal and dairy products such as milkj witii a 
minimum of roughage apart from the green feed. The baconery 
however, may be given from 15 to 20 per cent of the ration in tlie 
form of succulent feeds and roughages such as roots and green 
fodders. 

The breeding pig will require a somewhat less percentage, 
say 5 to 10 per of the weight of the total nutrients required 
in the fomi of concentrates. Speaking generally, for a given 
live weight th(‘ bacon pig will be somewhat older than th(' porkerp 
and the breeding pig than the baconer. 

Fig. 13 also shows the digestible protein requirements for 
different live weights, and it will be seen that tliese do not rise 
in’ the same proportion to weight as do the total digestible nutri- 
ents and maintenance requirements. This means tliat in tlie 
early stages of growth up to a live weight of about 100 to rso Ih., 
the protein requirements are considerable and must b(' met by 
rations with a nutritive ratio of not less than 1 : 3.5 or i ; 4. The 
ratio should be progressively widened as growth proceeds, until 
for bacon pigs of from 180 to 200 lb. live weight it may he 
approximately i :6. It is not advisable to widen the ratio beyond 
this at too early a stage by giving rations tcK> rich in fats and 
carbohydrates in proportion to protein, otherwise the carcase will 
have too great a proportion of fat to lean. After this stage 
when the pigs are being fattened for market the ratio may be 
widened to about 1:10. If much green food is consumtd some 
adjustment will ht‘ ntccssaiy’^ in the nutritive ratio of the mt'al 
fed depending on the nature of the green feeds. Thus, if a rich 
leguminous fodder such as berseem or lucerne is used, tlie nutri- 
ratio of the meal may be widened, but with non-legume 
greenstuffs it will require to be narrowed somewhat. If roots 
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and potatoes are fed in any bulk the nutritive ratio of the mea! 
must be narrowed much more. It is a wise plan therefore when 
feeding pigs to make a rough practical computation of the pro- 
portion between the digestible protein and the total digestible 
nutrients being fed^ in order to maintain the nutritive ratio at a 
proper level according to the stage of development and the pur- 
pose for which the pig is intended. This naturally would be 
more cbmplicated where tankage or kitchen refuse is employed 
to any extent, as tankage varies considerably in composition, but 
practical experience should enable the pig breeder to form an 
approximate estimation of how to compute the whole ration if 
the general principles are kept in mind. The nutritive ratio of 
the concentrate meal part of the ration for nursing sows, weaners 
and breeding boars should be kept up to approximately 1 : 5^ 
and for pigs a month or so before slaughter i : 7 or even wider. 
Breeding pigs may be fed concentrates with a ratio of 1:6, 
whilst, as previously stated, the ratio for young pigs should be 
around i : 3.5. This may be widened to i : 6 for young porkers 
after three months of age. 

Precautions against Soft Fat 

One of the most important things to guard against in feeding 

E are rations which are likely to produce soft or tainted fat. 

erence has been made to some of these in Chapter VI. The 
best quality bacon should have fat of a clean white colour and 
be firm in consistency. 

Certain feeding stuffs have a tendency to produce fat which 
is soft and greasy and the bacon will be of inferior quality. It 
is characteristic of the pig, more so perhaps than of other 
animals, for the body fat to take on the characteristics of the 
fat in the food, and when fats of low boiling points are used, 
such as the fat of ground-nut cake, soybean meal or linseed or 
rice meal, the bacon fat becomes soft and oily and has a tendency 
to become rancid. Maize which is fed with the germ intact has 
a similar effect if fed in too large quantities. Such material 
should be fed in small quantities, and in combination with other 
foods, the fat of which has the opposite effect. The most valu- 
able of all foods in this respect is milk ; others are beans, barleyy 
peas and gram. Fish meal should also be used with precau- 





IL,arge white Yorkshire sow with litter» 


PIGS 


4S7 


tion, and only the best quality white fish meal employed on a 
tscale of not more than a quarter to one fifth of the total concen- 
trate ration. Whilst the experiments of Orr [1922] mentioned in 
dhapter VI have shown that the best quality fish meal can be fed 
up to the time of slaughter without tainting the flesh or causing 
oiiiness, it might be ad\isabie to discontinue its use a few weeli 
before slaughter time. 


Feeding Breeding Stock 

The average number of pigs which a sow will produce will 
-depend largely on the breed and feeding, but a good strain should 
be able to produce up to twelve piglets twice a year. A con- 
siderable strain is imposed on young gilts in producing and 
feeding large litters and it is advisable to defer breeding until 
they are two years old. Good feeding is as essential for in-pig 
sows as for any other type of pig> and they should only be fed 
with good well balanced rations. Sows in-pig should be given 
plenty of exercise in the open air until a week or two before far- 
rowing otherwise they will tend to become too fat. About one 
half of their rations may consist of pasture or other succulent or 
root feeds, and the other half mixed meal. 

The whole ration should thus be approximately divided be- 
tween the mixed meal and a succulent feed. It is possible how- 
ever, to effect certain interchanges or replacements with other 
feeding stuffs provided these supply the nutrients necessary for 
the growing foetus. It is not easy to give precise figures as to 
the amounts of other feeds which may be used as supple- 
ments, but a comparative guide may be obtained by ascertaining 
the total digestible nutrients and digestible proteins which other 
feeds will supply and the nutritive ratio of the resultant ration. 
For example, three typical meal mixtures shown in table I are 
•expressed in terms of the total digestible nutrients and the 
digestible protein they yield and the nutritive ratios. Taking 
into account the nutritive factors thus shown it is possible to com- 
pute tables showing how much of other feeding stuffs will yield 
the same amount of total digestible nutrients as one pound of 
the meal mixture. 
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TABLE I 


A, 




Total 

Digestible 


Nutritive 



digestible 

protein. 


ratio. 



nutrients- 






lb. 

lb. 


1 : 

3. 40 

lb. maize meal 

28.20 

2.15 



35 

lb. ground gram 

28.00 

4-35 



20 

lb. barley 

14.15 

1-34 



5 

lb. linseed cake meal 

4-13 

1. 17 



100 

lb. mixtuie 

74.48 

9.01 


1 :8.2 

2. 25 

lb. maize meal 

17-63 

1-34 



25 

lb. ground gram 

20.00 

3.1 1 



25 

lb. barley 

17-69 

1.67 



25 

lb. linseed cake meal 

20.64 

5-85 



100 

lb. mixture 

75-96 

11-97 


1:6.4 

3. 60 

lb. barley meal 

53-24 

3-99 



20 

lb. weatings 

' 5-75 

2.90 



10 

lb. palm kernel cake 

9-37 

2.20 



10 

lb. white fish meal 

6.62 

4.10 



100 

lb. mixture 

84.98 

13.19 


1 :6.4 



B. 






In terms 

In terms 





ofD.P.I. 

of D.P.I. 



One lb. of mixed feed No. 

I = 0,90 

0-75 

lb. 

of gram. 



- 1.00 

1.80 

lb. 

of maize. 



= 1. 00 

1.40 

lb. 

of barley. 



= 0.90 

2.27 

lb. 

of oats. 



= 1. 10 

1.56 

lb. 

of wheat. 



= 0.90 

0.69 

lb. 

of arhar. 



= 1. 10 

0.26 

lb. 

of soybean. 



= 1. 10 

0.48 

lb. 

of linseedcake. 



= 5.00 

O.qO 

lb. 

of berseem. 


— 5*30 0.69 lb. of senji. 

Naturally, such tables are for guidance only, as it would 
never do for example, to replace the major part of the meal by 
its equivalent in terms of total digestible nutrients of, say, green 
'berseem or senji, because though the total digestible nutrients 
required would be met, the digestible protein needed would not. 



PIGS 


439 


The total digestible nutrients required for maintenance for 
a sow of ordinary size will be provided by about 1.2 lb. of mixed 
meal containing 80 lb. of total digestible nutrients, per 100 lb, 
live weight of the sow. This should be increased by 5 per cent 
to cater for the growing embryoes and keep the sow in condi- 
tion. Thus a sow of 350 lb. live weight would need about 5 lb. 
meal in the early stages of pregnancy. At tlie beginning of 
pregnancy half the ration should be in the form of meal, and 
the other half calculated to yield a similar amount of total digesti- 
ble nutrients from some of the bulky feeding stuffs enumerated 
in table i. It is thus possible to calculate the sow’s requirements 
in terms of feeding stuffs. For example, if the sow is allowed 
12 lb. of green lucerne or berseem daily she would obtain about 
6 lb. of total digestible nutrients, equivalent to about 4.8 lb. 
of meal. Hence 4.2 lb. of meal would have to be fed as a sup- 
plement to grazing. If on the other hand the sow is fed on 
ordinary pasture grass, a somewhat higher proportion of meal 
will be needed. As the farrowing period approaches the amount 
of meal should be increased gradually from the above figure up 
to about 5 to 6 lb. at the time of confinement, with a somewhat 
larger allowance during winter. It is not easy to state with any 
degree of precision how much protein the in-pig sow requires 
but this must be adjusted so as to provide a proper 
balance between the total digestible nutrients and 
the digestible protein of the meal, with the protein content of 
the bulky feed. For example, with berseem or lucerne as the 
bulky feed, the nutritive ratio of the meal fed could be i : 7, 
whereas if ordinary pasture grass is fed it should be narrowed to 
I : 6 or I : 5. 

Typical pig meal mixtures which will supply respectively 
nutritive ratios of 1:8 and 1:6 are as follows: — 


I. 



Total 

Digestible 

Nutritive 


digestible 

nutrients. 

protein 

ratio. 


lb. 

lb. 

1: 

40 lb. maize meal 

28.20 

2.15 


35 ib. ground gram 

28.00 

4-35 


20 lb. barley 

14.15 

1.34 


5 lb. linseed calce 

meal 4.13 

l,l^ 


100 lb. mixture 

74.48 

9.01 

1 :8.2 
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25 lb, maize meal 

17.63 

1-34 

25 lb. ground gram 

20.00 

3 II 

25 lb. barley 

17.69 

1.67 

25 lb. linseed cake meal 

20.64 

5-85 

00 lb. mixture 

75-96 

11-97 


Corresponding ra^tions can easily be computed according to 
the feeding stuffs available from the analytical data given in 
Appendix i. 

Shortly' before farrowing a somewhat laxative and more 
easily digestible food should be given, and one pound of bran or 
about 5 per cent of linseed cake might replace a part of the 
previously fed meal. On an average a sow of 350 lb. weight 
may be fed from 6,5 — 7.5 lb. of meal with a reasonable amount 
of green fodder in addition. At the time of farrowing tlie food 
should be cut down and fed as slop with milk added. Green 
stuff should be temporarily withheld immediately after farrow- 
ing as it may cause digestive disturbances in the young pigs. The 
ration should then be progressively increased and the total diges- 
tible nutrients per 100 lb. of meal fed raised to something over 
80 and should include gram meal, and barley meal in small 
^quantities only, as the latter is inclined to depress the milk yield, 
At the same time the nutritive ratio should be raised to approxi- 
mately 1:5 by including richer protein concentrates such as 
legume grains or white fish meal. The sow should not be over- 
fed too early, but as the size of the litter increases the meal 
allowance may be gradually increased from 8 lb. to about 12 lb- 
per day. The food should preferably be given three times a day, 
.and after about three or four weeks may be fed dry or slightly 
•damp, but should not be too sloppy. At this time the sow 
should be allowed to get whatever exercise she needs and have 
.access to grazing. 

Feeding the hoar 

The boar may be fed a ration similar to that of the fattening 
pig or the sow ; it should be nutritious and properly balanced, 
but it may contain a considerably higher percentage of bulky 
food than in the case of the sow’s ration. Plenty of exercise is 
^essential and the boar should on no account be allowed to 
•grow fat or lazy, but on the contrary, he must not be underfed, 
as either of these extremes will prejudice his breeding capacity. 
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During the off season when the mature boar has access to plenty 
of good pasture, about one pound of concentrates per day per 
100 Ib. live weight should be sufficient, and slightly more in cold 
•weather- Young boars should be given proportionately more 
while still growing and their food should approximate to the re- 
quirements indicated in Figure 13* 

Shortly before the boar’s service are required his rations 
should be increased so that he may put on weight, and subse- 
quent rationing will be adjusted to the number of services de- 
manded, but in no case should he be allowed to lose weight. It 
may then be desirable to feed but little maize, or to replace this 
entirely by other concentrates such as ordinary cereal grains, 
with a considerable percentage of the total ration made up of 
richer protein supplements such as bran, middlings, linseed 
meal and chopped legume hay. The reason for this is, that the 
proteins of maize are biologically deficient in certain amino acids 
as well as in minerals and these are as much needed by the boar 
in service as for the sow after service. 


What is the Best Diet for Pigs ? 

The question may be asked — ^what is the best diet for pigs ? 
There is a considerable range of feeding stuffs to choose from and 
selections may be made from these in accordance with the speci- 
fic object of feeding, whetfier for young stock, sows in-pig, cr 
fattening. Whilst it is unwise to restrict the range of feeding 
stuffs to only one or tw^o, it is also sound policy on the other 
hand not to feed too complicated a mixture unless there are 
special reasons for doing so. 

Certain fundamental principles for feeding pigs of various 
classes arc summarised below^: — 

I. The proper breed must be selected for the purpose required. 

>2. The pig is a greedy feeder but utilises the food given for jne^t 
production much more eihciently than any other animal. 

3. The basal concentrates for pigs are usually deficient in calcium, 

phosphorus and Vitamins A and D. These deficiencies must 
be made good by supplementing the rations, especially in 
the case of sows in-pig, nursing sows and young stock. 

4. Young pigs make a greater increase in weight per pound of food 

fed than older ones; hence they require rations with a wider 
nutritive ratio. 
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5. Fattening pigs, after having made full growth* require rations 

with a much wider nutritive ratio than for young pigs, 

6. After a certain weight and age the increase in w^eight per pound 

of food fed diminishes, and the breeder should adjust the 
time of slaughter to coincide with the period when further 
increases in bod\^ weight do not compensate for the cost of 
food and other charges, 

7. The maintenance requirements increase until maximum growth 

is attained, and still have to be met at later stages. It does, 
not pay, therefore, to over fatten pigs for commercial pur- 
poses. The additional weight laid on may be uneconomically 
obtained. 

8. Plenty of exercise, reasonable grazing and giubbing for rootSy 

and a correct though small percentage of bulky food in the 
ration is desirable for all classes of pigs, although weaners and 
young piglets should be given a minimum of bulky food, 

9. Where pigs are confined chiefly to sties, special attention must 

be given to the Vitamin A and D requirements* and green 
fodder or legume hay and calcium-phosphorus supplements in-' 
eluded in the rations. 

Keeping the above in mind a breeder is justified in consider- 
ing that the best food for his pigs is that which he has found by 
experience under his own particular conditions to produce the 
maximum quantity of high class carcases at the minimum cost. 

Advisability of using Cooked Food 

Opinions differ considerably as to whether food for pigs is 
better cooked or uncooked. Some are definitely against cooked 
food and state that the advantage gained, if any, does not pay 
for the cost of cooking. Others state that all pigs pay better on 
cooked food which is more digestible. For Indian conditions 
it may be advisable to give one cooked meal during the day in 
winter, though it is questionable whether the general practise of 
cooking food should be advocated. 

Value of MANGOLDSy Turnips and Potatoes for Pigs 

The general consensus of opinion is that the potato, either 
steamed or boiled, is the best root to feed. Turnips and man- 
golds are not much in favour, and in no case should the latter 
be given to in-pig sows. Turnips are too acid for young pigs. 
Some breeders recommend moderate quantities of mangolds as 
a substitute for grain, but not turnips, whereas potatoes boiled 
with maize and ground oats are recommended as a good fatten- 
ing food. 



Mineral Requirements 

Common salt 

Pigs require less common salt than most other farm stocky 
and when they are given suitable rations and good grd2ing is 
obtainable they can, as a rule get most of the salt they need 
from these sources. Nevertheless, pigs will usually eat up to^ 
i/ioth of an ounce of salt a day, depending on the rations they 
are getting, and should be provided with free access to salt in a 
suitable trough so that they can take what they need. 

An alternative method of feeding salt would be to mix it in 
with the food, allowing a quarter of a pound of salt to lOO lb.- 
of the combined grain and protein supplement. 

Salt is more necessary for pigs when the concentrate part of 
the ration is largely of vegetable origin. 

Calcium and Phosphorus 

Calcium and phosphorus arc specially liable to be deficient 
in pig feeds which are made up from grains and their by-pro-' 
ducts, or protein feeds of vegetable origin. The deficiency can* 
largely be made up by including skim milk, butter milk, swill, 
fish meal, and particularly legume pasture or hay in the rations. 
The desirability of adding a mineral supplement to the diet there- 
fore depends on the constitution of the ration and, generally speak- 
ing, if this is well balanced and includes the above mentioned - 
supplements, pigs should receive* sufficient calcium and phos-' 
phorus even when not grazing. It is well in cases of doubt to 
add a high quality calcium-phosphorus supplement to in-pig 
sow^s and sows with litters, and to the food of young pigs if suffi- 
cient milk is not obtainable. There is not so great a likelihood 
of phosphorus deficiency as there is of calcium, as most of the 
protein rich concentrates are rich in phosphorus. The cereal' 
grains are low in phosphorus and still low^er in calcium, so» 
special care must be taken with rations which are chiefly cereal 
in nature. Where both calcium and phosphorus are needed as 
supplements, finely ground bone meal or calcium phosphate’ 
may be used, but when only calcium is deficient ground lime- 
stone may be fed. If pigs on pasture are fed only cereal con- 
centrates, both calcium and phosphorus are likely to be needed. 

In cases of doubt, the table of analyses of feeding stuffs will ' 
provide a rough guide as to whether mineral supplements are" 
necessary or not. Proper bone structure can only be built up,, 
even when calcium and phosphorus in the rations are sufficient, » 
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if the Vitamin D supply is adequate, which can best be assured 
by plenty of sunlight, green pasturage or well cured hay. Calcium 
and phosphorus deficiencies will soon be reflected by the appear- 
ance of rickets in the young piglets, or by their being born dead, 
and whenever such events occur, fish liver oil in moderate quan- 
tities and appropriate mineral supplements may be fed to the 
sow and also given in milk to the young pigs. Mineral supple- 
ments may also be given in the form of ground egg or oyster 
shells or ground chalk, wood ashes or any clean refuse of a 
mineral nature rich in calcium. It is not easy to say precisely 
how much calcium and phosphorus are required by pigs, but 
according to the trials conducted by Carroll, Hunt and Mitchell, 
[1930], they need approximately five grammes of calcium and 
as much phosphorus per head per day. Thus a 100 lb. pig 
being properly fed would need about o 3 per cent of calcium 
and the same amount of phosphorus in the entire ration. The 
cost of commercial pig meals does not necessarily bear any re- 
lationship to the efficacy of their minezal content. Thus it is 
recorded in “The pig and pig products”, Jan. 1936, that a fine 
meal of a well known brand sold in 5 lb. bags for the equivalent 
of eleven annas, contained 0.2 per cent of total minerals, whilst 
another meal of coarser type costing only one anna per pound 
contained 1.44 per cent of minerals, or more than five times as 
much as the more expensive meal. It was also found that the 
cheap and coarser meal contained twice as much iron, ten times 
as much phosphorus, five times as much calcium, eleven times 
as much magnesium, and nine times as much potassium as the 
finer meal. The conclusion therefore is that the finer types of 
* commercial meal, which may command a higher price, are by 
no means necessarily as suitable from a nutritive and mineral 
point of view as the coarser types. Sufficient quantities of iron, 
phosphorus and manganese are present in lb. of coarse maize 
meal to provide for the needs of an average growing pig for 
one day, but it would contain only i/ioth of the amount of cal- 
^cium required, which must therefore be supplied from the other 
parts of the ration. 

Iodine deficiency 

Goitre is apt to occur in certain districts where iodine is 
.•deficient in the soil and crops. Reference has been made to the 
luse of iodine in Chapter XII on Horses. Where pigs are fed 
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'iodine deficient rations young pigs when born suffer from goitre, 
a disease characterised in pigs by lack of hair on their bodies and 
other symptoms. Wherever goitre occurs or is likely to occur, 
it is advisable to supply the sows with a mineral mixture includ- 
ing common salt to which one third of an ounce of potassium 
iodide has been added per lOO lb. of the mixture. This is known 
as iodised salt and should be made accessible to the sows for the 
last three months of pregnancy. In districts where goitre happens 
to be endemic no harm can be done by giving iodised salt to 
brood sows and growing and fattening pigs throughout the 
year instead of common salt. 

Anaemia in young pigs 

In-pig sows or suckling pigs which arc kept in sties and do 
not have access to the soil, and are thus unable to obtain 
natural minerals in their wanderings may suffer from anaemia, 
and the young piglets may be born dead or also suffer from 
anaemia. Under normal conditions the sow obtains enough iron 
and copper from her rations, and the young will be born with 
sufficient reserves of these minerals in their ladies to carry them 
up to the weaning stage when they can begin to feed themselves. 
In unnatural conditions of confinement in feeding houses, the 
essential iron and copper (the latter in extremely small quan- 
tities) may be lacking and anaemia result. This condition is 
characterised by weakness and lack of appetite, and even if the 
young pigs recover, they will take considerable time to make 
up for the throw back they have suffered, with obvious econo- 
mic losses to the breeder. Wherever there is a tendency there- 
fore, for ana^ia to occur, preventive measures must be taken. 
One method is to paint the udder of the sow daily with a mixture 
made up by dissolving 1^5 grammes of ferric sulphate and 22.5 
grammes of copper sulphate in 600 ounces of water. This should 
be done daily until the pigs are weaned, and at the same time 
they should be allowed access to a palatable concentrate feed to 
eve^ 100 lb. of which i/ioth of a pound of the mixture of 
ferric sulphate and copper sulphate has been added. Corres- 
pondingly larger amounts might be given to the sows for their 
own benefit. The evidence available goes "'to show that anaemia 
in piglets cannot be prevented by internal treatment of the sows, 
as no method of introducing iron and copper into the ratiorr 
artificially has been found to influence the iron and' copp^ con- 
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tent of tlie sow's milk. Another precaution which may be taken 
is to put into the sties fresh eartli or wood ashes, in which the 
piglets can rummage, but direct treatment witli a copper-iron 
solution is advisable. It is doubtful whether copper or iron 
.adjuncts are necessary for other classes of swine. 

The only vitamins likely to be deficient in the usually fed 
rations arc ‘A’ and ‘Dh and these can generally be adequately 
supplied by providing all classes of swine with reasonable 
amounts of green fodder and suitable types of well cured hay, 
.especially legume hay. Plenty of sunlight is also desirable for the 
provision of vitamin D. In special cases where vitamin A and 
D supplements are needed, the administration of fish liver oil in 
amounts depending on the size of the pig can be given. Milk 
is the food /u^r excellence for all classes of swine to guard against 
■vitamin A deficiency. 

Waffr Requirements 

Water is much more important than is generally recognised, 
and in India it is essential that pigs should have continuous 
access to drinking water in troughs or containers so arranged 
‘that they do not become contaminated. The amount of water 
a pig needs will naturally^ depend on the weight of the pig and 
climatic conditions, but may var\^ from i to gallons per lOO 
1b. of the weight of the animal when still growing to i/ 3 rd of 
this amount per loo lb. live weight when ready for slaughter. 
The more succulent food a pig gets and the cooler the weather 
the less water will be needed. In hot weather a sufficient and 
.continuous water supply is absolutely essential. 

Feeding Stuffs for Pigs 

A detailed description of tlic feeding stuffs available in India 
has been given at length in Chapter VI, «ind a few of the more 
important points concerning some of those specially suitable for 
pigs may now be considered. 

^Ctred grain 

The cereal grains form the basis of pig feeds, but they arc 
air low in protein content and in calcium, and are thus un- 
balanced and need to be properly supplemented by protein and 
mineral rich feeding stuffs. 
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Mme 

Maize is extensively used in western, countries, but may be 
largely replaced by gram in India. Maize if fed alone will pro- 
duce very poor results for growing and fattening pigs owing to 
its biologically defective proteins, but it is valuable w^hen con- 
stituting part of the ration. Maize is low in calcium content 
and pooler in phosphorus than most other grains and therefore 
it needs protein supplements and minerals to balance these de- 
fects. Yellow^ maize is better than white owing to its rich vitamin 

content in which die white \ariety is defective. Pigs fed 
ehiefly on maize and not getting sufficient sunlight arc likely to 
develop rickets or produce rachitic offspring, 

Bcnicy 

One of the particular virtues of barley for pigs is that it 
produces a hard firm fat, and pork and bacon of excellent 
quality. Barle\ should always be moderately ground for pigs 
as this will give better results than if it is fed whole. If there is 
difficulty in grinding, it should be soaked in water. Pigs have 
a particular liking for barley which should, whenever possible,, 
comprise part of the meal mixture, but should not be fed as the 
sole cereal. In spite of these good qualities, barley shares the 
defects of all other cereals, its protein being of poor quality, 
calcium content very low and vitamins ‘A’ and "D’ almost negli- 
gible. 

Wheat 

Wheat is expensive to feed to pigs but may form a propor- 
tion of the cereal ration ; as a flesh producer it is slightly more 
valuable than ground maize. It should, however, be fed as a 
part only of the cereal mixture in order to obtain the best re- 
sults. Wheat is richer than maize in both protein and minerals, 
but, nevertheless, requii*es efficient protein supplements, unless 
the pigs are on rich pasture with plenty of legumes. If whole 
wheat is self-fed, pigs will masticate the grain thoroughly, but 
when hand fed they are likely to bolt it, and it is safer there^ 
fore always to feed it crushed. Soaking wheat, if grinding is 
not possible, is not satisfactory, and it is better in such cas|es to 
feed it whole because the soaked grain appears not to ha\^e the 
same food value as the whole dry grain. 
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Oats 

Oats are excellent when used as a limited part the pig 
meal up to about i /4th of the ration, but they are more fibrous 
than other cereals or legume seeds and are thus unsuitable in 
large quantities. If fed in excessive amounts to young growing 
pigs, growth will be reduced, and correspondingly, a propor- 
tionate value of the oats as a feed also reduced. Brood sows 
however may be fed slightly moie oats before parturition, but the 
amount should again be reduced when the maximum milk yield 
is needed. The value of giinding oats is probably greater 
than for atiy other grain. 

Gram 

Gram when available, constitutes perhaps the main basis 
cf pig feeds, in India. It contains more than twice the protein, 
content of cereals, and forms an excellent part feed for the grow- 
ing period, but its proportion in the ration should be moderated 
during fattening so as to keep the nutritive ratio within the 
limits given above. The protein of gram is of excellent quality 
but it is deficient in calcium and rich in phosphorus, and, like 
other grains, it is deficient in vitamins. 

The millet grains 

Miflets when available are valuable part feeds in the early 
stages of growth and may be used as substitutes for maize for all 
classes of pigs. They should preferably be fed threshed. 
Weatings and other cereal products 

Weatm^ may constitute a part the pig food but they are- 
to>rc fibrous than whole wheat and contain more protein, bulk 
for bulk, as a part of the endosperm of the wheat grain pa^es^ 
iato the weatings. Weatings arc comparatively rich in 
vitamin 

Bollards are mainly composed -of carbohydrates with a small 
quantity of bran, whereas ^orts contain somewhat more bram 

Middlings axe an excellent feed for all classes of swine, but 
dbare the mineral and protein deficiencies of the cereals. 

If they are fed with protein supplements such as dairy by- 
l»oducts, tankage or white fish meal Aey give good results as the 
latto: foraish the proteins which the xniddlings lack^ (See also 
Chapter VL) 
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All wheat milling pioducts may be used for pigs in appro- 
priate quantities if due regard is paid to the particular stage 
of development of the pig and its nutritive requirements. 

Protein supplements 

The best all round protein supplements are milk, skim milk 
and butter milk, and these, or tankage or swill are safe sole pro- 
tein supplements to feed to pigs on pasture, when the latter 
will provide the necessary vitamins. 

Fish meal 

Fish meal is one of the most valuable supplementary feeds 
for pigs as it is rich in good quality protein and vitamins ‘A’ 
and whenever possible should form part of the protein supple- 
ment when good pasture or green fodder are not available. Fish 
meal how^ever, should not be fed in greater quantities than are 
needed to balance the ration, and on no account should inferior 
meals be used as they will adversely affect the flesh at slaughter 
time. 

Milk 

Whilst milk, skim milk, butter milk and w^hey are all valu- 
able feeds for pigs, the latter throe are deficient in vitamins 'A* 
and ‘D’ and therefore, although they are excellent supplements 
when fed with cereal meals up to a month after weaning fas a 
young pig is born with certain vitamin reserves in his body) 
they will need to be supplemented by vitamin containing feeds 
after this time. Hence if young pigs are fed only butter milk, 
skim milk or whey with cereal meals from this stage onwards 
but with no pasture, some fine legume hay should be fed to cor- 
rect tliese deficiencies. 

Skim milk, and butter milk are rich in protein, and of course 
watery, and therefore should not be fed alone but in sufficient 
amounts to balance the cereal mixture. Immediately after wean- 
ing (when the young pigs need a feed with a nutritive ratio of 
1 :3.5, as much as from 3 — 6 lb. of skim milk or butter milk may 
be fed per pound of meal, the amount of milk in proportion 
to meal being gradually increased as the pig grows older. 

Whey ^ ^ , 

Whey, like milk, contains proteins of excellent quality^ and 

DD 
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a pig over i oo lb. in weight will progress satisfactorily if fed on 
a ration of whey and cereal meals, provided the necessary 
vitamins ‘A’ and supplements are provided. 

Tankage and meat scraps 

It is doubtful if tankage (by-products from butcheries) com- 
mands a very high market value for the reasons given earlier 
concerning the pig industry in India vis a vis its counterpart in 
western countries. When obtainable however, tankage, swill and 
kitchen refuse arc excellent supplements of high protein con- 
tent for all classes of pigs. For purposes of growth good tankage 
is considered to be w’orlh more than six times as much as an 
equivalent quantity of maize, due regard being paid to correct 
balance and nutritive ratios. 

Linseed meal 

Linseed meal is a good protein supplement for pigs if fed 
in combination with skim milk, fish meal or tankage, and has 
been extensively used in American trials conducted by Morrison 
[1936], in which a mixture consisting of 50 lb. of tankage or fish 
meal, 25 lb. of linseed meal and 25 lb. of ground legume hay was 
fed to growing and fattening pigs w^hen pasture was not avail- 
able, Such a mixture forms an excellent supplement to cereal 
meals, but linseed meal should not be fed as a sole protein sup- 
plement to pigs not on pasture, as its proteins like those of maize 
are biologically deficient. Linseed is also low in calcium con- 
tent and contains little or no vitamins ‘A’ or ‘I>k 

Cottonseed cake meal 

If cottonseed cake meal is fed to pigs it should be of the 
decorticated variety, and the ration should not contain more 
than 8 to 10 per cent of the meal, and must be properly balanced 
with other feeds of good quality protein, vitamin and calcium 
content. Cottonseed meal is likely to cause too hard a body 
fat if fed in large amounts and should not be given as a sole 
’pmlein supplement. A further objection to too much cotton- 
seed meal is the da^er of gossypol poisoning, even when vitamin 
is adequate in die ration. Cottonseed meal should not be 
fed to young pigs m they are particularly liable to suffer from 
this defect. 
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Soybeans 

Soybeans form a valuable protein supplement but should 
not constitute more than lo per cent of the total ration on 
account of their tendency to produce soft pork. They should 
preferably be cooked before feeding. Soybean meal is very low 
in calcium and contains much less phosphorus than dairy pro- 
duce^ fish mealj milk or tankage, and therefore, if fed to young 
pigs not on pasture, a mineral supplement of legume hay should 
he given to supply vitamins ‘A’ and 'D’. It is better to feed 
the meal rather than the whole beans as the meal has been 
partially cooked in the process of manufacture. Soybean meal 
may be fed as a sole protein supplement to pigs after 6 months 
of age when they weigh from 6o to 8o lb., pro\nded the neces- 
sary minerals and vitamins are supplied from pasturage or hay* 
If fed whole, soybeans have a greater tendency than the meal to 
form soft body fat, and owing to their high oil content they 
should be fed in conjunction with a hard fat producing supple- 
ment such as fish meal or tankage. 

Groundnuts 

Groundnuts form an excellent feed for young pigs, but like 
soybeans they should be given in moderation as they also tend 
to form soft body fat. They should not as a rule be fed after 
the pig has attained a weight of, about lOO lb., when the ration 
should be confined to hard fat-producing feeds, or contain a 
sufficiency of the latter to prevent the formation of soft fat. 

Fasttaage and succuUnt feeds 

In conclusion emphasis must be laid on the value, especially 
for growing pigs, of good pasturage which supplies most of the 
food ingredients lacking in meal mixtures. As, however, pigs 
cannot mak^ satisfactory growth on too bulky feeds, they should 
always be given from i to lb. of concentrates daily per lOO lb. 
of live weight even when on pasture. 

Good pasture and forage crops help to effect economy in the 
grain necessary for each loo lb. of gain in live weight, as pigs 
on pasture will usually need only about half as much protein 
supplements as those not cm pasture. 

Whenever grazing is not available it is very important that 
pigs should be given plenty of green fodder, preferably lucerne, 
when this is obtainable. 
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Rationing Table 


The following table is intended to serve only as a guide to 
quantities which should be fed under average conditions. 


Age 

in 


weeks. 


Approximate 
live weight. 

lb. 


Food allowance 
per head 
per day. 
lb. 


Approximate 

Nutritive 

Ratio. 

I : 


3 “ 8 

10 

— 25 


— li 

8 — 12 

25 

50 

14 

— 2i- 

12 — 16 

50 

— 80 

2i 

4 

16— 20 

80 

— 115 

4 

— 5 

20— 24 

115 

— 115 

5 

— 6 

24— 30 

555 

— 210 

6 

— 7 

In-pig sows 



3 

— 6 

Suckling sows 



8 

—14 

Stock boars 



3 

— 7 


4 

5 

6 

7 

8 

5 

5 

5 


Some Typical Rations 

I. For suckling sows and weaners to 12 weeks. 

(a) Middlings 
Barley meal 
Fish meal 

(b) Middlings 
Bran 

Maize . . . , . . . . , 

Barley meal 
Meat meal 

(c) Middlings 
Cocoanut cake 
Barley meal 
Wheat meal 
Maize meal 
Fish meal 


6o parts- 
30 parts 
10 parts 

50 parts 
10 parts 
15 parts 
15 parts 
10 parts 

40 paits 
20 parts 
10 parts 
10 parts 
10 parts 
10 parts 


2. For young pigs. 12 — 20 weeks of age. Gilts for hjeedingj boarSy. 
and in-pig sows. 


(a) Middlings 
Barley meal 
Fish meal 

(b) Middlings 
Cocoanut cake 
Barley meal 
Maize meal 
Wheat 
Meat meal 


45 parts 
45 parts 
10 parts 

30 parts 
15 parts 
20 parts 
15 parts- 
10 parts 
10 parts 
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(c) Middlings 

Palm Kernel meal 

Barley meal 

Wheat 

Oats 

Fish meal 




30 parts 
15 parts 
15 parts 
15 parts 
15 parts 
10 parts 

3. Fo} faiiening pigs over 20 weeks. 
(a) Middlings 

Barley meal 

Fish meal 




35 parts 
60 parts 
5 parts 

(b) Middlings 

Gocoanut cake 

Barley meal 

Maize meal 

Wheat or Oats 

Soybean meal 




25 parts 
8 parts 
40 parts 
10 parts 
10 parts 

7 parts 

(c) Middlings 

Palm Kernel meal 

Barley meal 

Wheat meal 

Maize meal 

Meat meal 




25 parts 
10 partSi 
20 parts 
20 parts 
20 parts 

5 parts 
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CHAPTER XV 

FEEDING OF POULTRY 

The innumerable small flocks of poultry which may be seen 
throughout the length and breadth of India are not fed accord- 
ing to any lecognised system. The vast majority get their food 
at random round the villages and in adjacent fields and pay their 
owners for their keep^ because this costs the latter little or noth- 
ing. Most of these birds are of nondescript type, and both 
the eggs and the poultry fetch very low prices, which would not 
pay if feeding stuffs had to be bought and fed on any proper 
system. 

True poultry keeping, however, when poultry are bred and 
fed as a paying proposition is another matter, and if it is to be 
a success certain definite principles of breeding, feeding and 
general management must be followed. 

Very little research has so far been done in India on poultry 
feeding but a considerable amount of information is available 
from foreign countries which can be applied here for feeding 
well balanced rations. 

Although there is still much to be learnt it is possible by 
utilising this knowledge to compile satisfactory rations for dif- 
ferent parts of the country and to use it as a starting point for 
local research. 

Poultry and pigs show some similarity in the nature of their 
basal foodstuffs, these being more of a carbohydrate than of a 
protein nature, and they require a considerably greater propor- 
tion of concentrates than other farm animals. 

The first requisite for poultry production, whether on a 
large or small scale, is to start with good stock of one or more 
of the well established breeds, according to whether the object 
in view is egg production, table poultry or dual purpose birds. 

Most of the poultry in India are of a somewhat nondescript 
type, but considerable improvement may be effected in these 
by careful selection and breeding from the best and most prolific 
birds. More rapid progress will perhaps be made, how'ever, if 
the prospective poultry breeder uses good quality cocks of one 
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of the standard breeds to mate with desi hens, and thus builds 
up a flock of improved characteristics. Work is progressing 
along such lines in certain parts of India and in course of time 
new breeds of improved country stock may be evolved. 

If poultry are to be a success a proper system of feeding 
must be followed, and at the same time a careful record kept 
of the cost of food used to produce eggs and table birds. The 
data so far available on the proper feeding of poultry^ for local 
conditions in India arc, as mentioned above, somewhat scanty, 
but some feeding trials have been carried out in recent years at 
the Government Poultry Farm at Gurdaspur in the Punjab, 
[1940-41], and at the Poultry Research Section 6 f the Indian 
Veterinary Research Institute, Izatnagar, in the United Pro- 
vinces [Macdonald 1941 ]. 

Some of the findings from these trials will now be described, 
but the results must be regarded as tentative and further work is 
necessary in more widely separated places, as those from one 
locality are not necessarily strictly applicable to another in a 
different climate and under different management. 


Gurd.\spur Trials 

In the Gurdaspur trials on young stock the following quanti- 
ties of food were found necessary to produce 1 lb. live weight 
increase in each of the four breeds named: — 

Asil . . . . . . 4.97 pounds, costing 3.95 annas. 

Chittagong . . . . 5.99 pounds, costing 4.65 annas. 

Improved Punjab (Brown) 6.47 pounds, costing 4.99 annas, 
Desi (Mongrel) .. 6.47 pounds, costing 4.87 annas. 

The food given consisted of dry mashes, grain and plenty of 
green stuff shown below^ for fowls in crates and runs : — 

(A) For fowls in crates 

Fattening ration 

Barley meal .. .. 50 per cent (by weight). 

Wheat meal .. .. .. 25 per cent (by weight). 

Y'ellow maize meal .. 25 per cent (by weight). 

sj lb. of skimmed milk was added to every pound of the above 
dry mash, after which a little w^atcr tvas added to produce the 
required consistency. 
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The ration was mixed fresh daily and given in bowls to 
the stock in the fattening crates three times a day, for approxi- 
mately 15 minutes at a time, after which the bowls were re- 
moved and the crates covered by sacking to discourage move- 
ment. The covering was lifted at the feeding times only. 

The fowls in the crates were subjected to a 24 hour period 
of starvation before the trial commenced, receiving only water to 
drink. 


(B) For fowls in runs 


Basal mash 


Wheat meal 
Yellow maize meal 
Wheat bran 
Fish meal 

Supplements 

Ground charcoal 
Ground linseed 


40 per cent (by weight). 
20 per cent (by weight). 
30 per cent (by weight). 
10 per cent (by weight). 

2 per cent of basal mash. 

3 per cent of basal mash. 


The dry mash was given in metal hoppers for consump- 
tion ad lib., and precautions were taken to account for any mash 
spilt by the fowls. 


Grain mixture 

Wheat . . , . . . . . 50 per cent (by weight). 

Yellow maize .. .. 50 per cent (by weight). 

A fixed quantity of oz. per fowl per day was given to all 
young stock in the runs, early in the morning. 

Water was provided in the bowls for consumption ad lib. 
and green grass growing in the runs was available. 

The cost of the food will naturally vary according to the re- 
lative proportion of mash and grain fed, and other factors, and 
these costs are perhaps on the high side, as the rate of growth 
is lower than might have been expected and hence the utilisation 
of the food not so efficient. 

Tentatively, however, these trials indicate that the Asil at 
Gurdaspur converted food into flesh more effectively than the 
other breeds, five pounds of food being needed to produce one 
pound of flesh. 

Some preliminary data have also been obtained in regard 
' to the food consumed and the number of eggs laid. These are 
recorded below: — 
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Pounds of food Average gain or 

consumed in a Eggs loss per hen in 

year per hen. laid. body weight 

(ounces). 

Asil .... 68 38 +3 

'Chittagong . . . . 63 81 - 3 

Improved Punjab (Brown) 65 79 -9 

Desi (Mongrel) ..66 100 

A scries of fattening trials carried out with Asil, Chittagong 
and Improved Punjab (Brown) breeds, showed the following re- 
sults for live weight increase, per pound of food eaten: — 

Breed Weight in ounces Live weight gained 

gained in 15 days. per lb. of food 
eaten. 

Asil .. .. .. .. 10.69 3-51 ounces. 

Chittagong .. .. .. 8.81 3.25 ounces. 

Improved Punjab (Brown) . . 7.88 2.77 ounces. 

These live weight increases are not as high as might have 
been expected, and compare unfavourably with data obtained 
by Macdonald at Izatnagar [1941]. The efficiency of the food 
during fattening, however, is always low. 

The time taken for some of the breeds to reach a certain de- 
finite weight was also ascertained and the results which are pre- 
sented below are not as good as in the Izatnagar trials, which 
may be due to the rations not being as satisfactory as they might 
Iiave been: — 

Average time taken (in weeks) to reach 
two pounds weight 

1939-40 1940-41 

Cockerels. Pullets. Cockerels. Pullets. 

Asil .. .. 19 20 16 17 

Chittagong .. .. i8j- 21 16 17 

Improved Punjab (Brown) 19I 22|- 17 I7J- 

Disi (Mongrel) ..19 21 17 18 

The economics of these feeds is given in the following table: 

Breed. Weight gained Mash & grain Cost of mash 

in 24 weeks. consumed, and grain. 

lb. lb. Annas. 

Asil 3-57 17-72 14*10 

Chittagong .. .. 3-27 19*46 15*09 

Improved Punjab (Brown) 3.09 19-65 15-32 

Desi (Mongrel) 2.64 17*05 12.83 



458 


FEEDING OF FARM ANIMALS 


The Izatnag.^r Trials 

Macdonald [1941] has carried out an interesting series of trials 
to investigate the growth promoting value of various supplements 
in the diets of chicks fed on a standard basal diet consisting of 
locally produced foodstuffs supplemented with green food and 
crushed limestone. 

He used separated milk as the control supplement in each 
ration and compared the results with those obtained with the 
standard diet only and with the standard diet supplemented 
with soybean meal plus salt. 

Three breeds were selected for the trials: — 

The White Leghorn, the Rhode Island Red, and the desi ; 
the White Leghorn and Rhode Island eggs were purchased 
from reliable dealers, and the desi eggs in the local bazar. 

The ration 

All the chicks produced were fed on mash ad lib, in suitable 
containers, and the grain was strewn in the litter, morning and 
evening, from the day after hatching. They were also provided 
with lucerne and berseem twice daily and broken limestone. 

The basal mash consisted of 50 parts of wheat bran, 30 parts 
of yellow maize meal and 20 parts of finely ground oats, and 
was fed throughout to all the experimental groups. For the 
first eight weeks the grain ration consisted of equal parts of 
broken yellow maize, juar and millet, cheena {Panicum milia’- 
ceum) , and after this period, of equal parts of cracked yellow 
maize, wheat and paddy. 

Separated milk as a Supplement to the cereal ration for promoting growth. 

Eighty-four day old chicks hatched in January were divided 
into groups each consisting of 28 White Leghorns, and 14 Rhode 
Island Reds, and each group was fed on the basal standard 
ration. One group was given separated milk only to drink, in 
addition to the basal ration, up to 10 weeks of age, and from 
then till 6 months old, separated milk and water in separate 
containers. The other group was given water only upto 6 weeks 
of age, separated milk for the next two weeks, then again water 
only till 3 months old, and separated milk and water from 
3 to 6 months of age. 

The average weight of the birds in each group. No, i the 
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milk group, and No. 2 water group, are shown in the following 
table: — 


TABLE I 

Average weights ix ounce for each breed 


Breed 

White Le 

ghorn. 


Rhode Island Red- 

Group 

Sex 

Male 

I 

Female 

2 

Male 

Female 

Male 

I 

Female 

Male 

2 

Female 

Day old 

1.48 

1.46 

1.47 

1*47 

1.42 

144 

1.48 

1.41 

I week 

2.4 

2.2 

1.7 

1.8 

2.3 

2.2 

1.8 

1.7 

2 weeks 

4.2 

3*9 

2.2 

2.2 

4.2 

4.1 

2.1 

2.1 

3 weeks 

6.1 

5-7 

2*5 

2.6 

6.1 

5*8 

2.6 

2.7 

4 weeks 

9-4 

8.5 

3*0 

3.0 

9-1 

8-9 

2.7 

3*0 

5 weeks 

J 3-3 

12.6 

3*1 

3*3 

J 34 

13. 1 

2.7 

3.4 

6 weeks 

15-8 

14.8 

3*1 

3*8 

16.6 

18.3 

3*0 

3*9 

7 weeks 

21.5 

20.5 

5.6 

5*9 

22.4 

21. 1 

5*0 

6.4 

8 weeks 

26.1 

24.6 

8.0 

8-5 

27*9 

25*2 

7*2 

9 *t 

9 weeks 

30.7 

28.8 

9*5 

9.6 

33*5 

28.2 

8.6 

10.3 

10 weeks 

37.0 

34-6 

J0.2 

10.2 

4 t *3 

34*5 

9*4 

1 1.2 

12 weeks 

46.0 

40.8 

^ 3-1 

13*9 

49*5 

41.2 

14.5 

16.6 

14 weeks 

52-0 

47.5 

21.7 

22.0 

59*2 

49-2 

23*3 

25.0 

16 weeks 

— 

52.4 

— 

30.4 

— 

56.2 

— 

32.0 

18 weeks 

— 

55*7 


35*8 

— 

60.2 

— 

38.7 

20 weeks 

— 

57*1 

— 

36.8 

— 

57.5 

— 

4^*3 

22 weeks 

— 

61.0 

— 

41.2 

— 

60.5 


43-3 

24 weeks 

— 

63.6 

— 

46.0 

— 

85-5 

— 

48.0 


This shows the much better growth obtained when milk was • 
fed continuously lor 6 months over the water group. Records* 
of food consumption also showed that the milk fed group con- 
sumed much more per bird than the water fed group and that 
the rate of mortality among the milk fed birds was almost negli- 
gible compared with a fairly high mortality among the w^ater 
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fed group. Furthermore, the milk fed birds laycd eggs at a 
much earlier date than the second group and in larger num- 
,bers and of a greater size as seen below: — 


TABLE II 

Food Consumption 



Average food 

Food consumption 


consumption per 

in lb. 

per lb. 


bird 

(lb.) 

live weight gain. 


Gwup 1 

Group 2 

Group 1 

Group 2 

r. 0 — 4 weeks 

1. 71 

1-15 

3-70 

22.20 

2. 4 — 8 weeks 

4.44 

1.40 

3-74 

6.32 

3. 8 — 12 weeks 

5*58 

3-24 

5,05 

12.38 

4. 12 — 16 weeks 

4-77 

4.01 

8.22 

5-32 

5. 16 — 20 weeks 

. . 4.61 

4.21 

26.50 

6*99 

6. 20 — 24 weeks 

5-32 

4.90 

8-75 

9-50 


Note: — The food consumption figures include the separated milk 
reckoned on a dry matter basis of 9 per cent. 

TABLE III 


Average consumption (in lb.) per chick (milk & water groups) 





Group 

I 

Group 2 




Average 

Average 

Average 

Average 




milk 

water 

milk 

water 


Periodv 

consumption consumption 

consumption 

consumption 




per chick 

per chick 

per chick 

per chick 

I. 

0 — 

• 4 weeks 

2.48 

nil 

nil 

Unrecorded 

2A. 

4 — 

6 weeks 

2.21 

nil 

nil 

— do — 

.2b. 

6— 

8 weeks 

2.48 

nil 

0.97 

nil 

3a. 

8— 

10 weeks 

3*29 

nil 

nil 

Unrecorded 

3b. 

10— 

12 weeks 

1. 01 

3-70 

nil 

— «do — 

4.- 

12— 

16 weeks 

2.31 

9*42 

3.82 

4.51 

5* 

16-- 

-20 weeks 

6.06 

17.20 

6.71 

15.00 

16. 

20— 

-24 weeks 

7.84 

14.49 

6.56 

17.97 


Mortality 

The value of separated milk in the ration of chickens is 
well illustrated in Table IV which gives a summary of the num- 
""ber of deaths which occurred in each group at different ages 
.during the trials. 
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TABLE I\’ 


Mortality (0 — 2i weeks) 


Peiiod. 


Number of 
Group I 

deaths. 

Group 2 

I. 0 — I week 


. . . . I 

2 

2. I — 2 weeks 


. . 

3 

3. 2 — • 3 weeks 


I 

2 

4. 3 — 4 weeks 


. . . . - 

4 

5. 4 — 5 weeks 



4 

6. 5 — 6 weeks 


. . - . - 

5 

I 

7. 6 — 7 weeks 


“ 

8. 7 — 8 weeks 


. . 

I 

9. 8 — I r weeks 


“ 

-- 

10. 1 1 — 12 weeks 


. . 

2 

II. 12 — 13 weeks 


. . 

I 

12. 13’ — 14 weeks 


- 

I 

13. 14 — 24 weeks 


. . . . - 


Total Mortality 


. . . . 2 

26 

Percentage mortality : 
Egg production 


.. .. 4.8 

61.9 


Table V gives details of the average age of the birds whenJ 
they laid their first eggs, the percentage of birds laying when & 
months old, the average egg production and the weight of the^ 
eggs for each breed on the two experimental rations. 


TABLE V 
Egg Productiok 


Group 1 


Breed 

White 

Leghorn. 

Rhode 

Island 

Red. 

White 

Leghorn. 

Rhode" 

Island' 

Red. 

Age at first egg, (days) 

137 

134 

159 

215 

Percentage of birds laying 
at 24 weeks 

42.8 

16.6 

20.0 

nil 

Average number of 
per bird to 24 weeks 

10.1 

12.9 

0.8$ 

nil 

Average egg size (oz.) 

I.61 

1.51 

1-55 

nif^ 
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Similar trials were also conducted with varying quantities 
of milk fed during 6 months, and with soybean meal plus salt 
as supplements to the basal ration, and the following conclu- 
sions were arrived at as a result of all these trials: — 

1 . The feeding of chicks on a mixed cereal diet, although supplemented 
' with liberal amounts of green food and calcium, results in very poor growth, 

* excessive mortality and poor food utilization. 

2. A ration containing liberal amounts of w'heat bran and green food 
' failed to prevent the occurrence of gizzard lesions, which appeared typical of 
those produced by diets deficient in the gizzard factor. 

3. During the early stages of growth (up to 6 weeks), a ration of cereals 
-supplemented by liberal amounts of green food and calcium along with 
separated milk to drink proved adequate. 

4. During the early stages of growth the feeding of milk and water in 
separate containers gave substantially poorer results than when milk alone was 
provided as a drink. 

5. From 6 weeks onwards the feeding of milk and water in separate 
containers gave satisfactory results as regards growth etc., and resulted in a 
. considerable saving in cost. 

6. The nutritive value of cereal rations is greatly improved by a supple- 
ment of soybean meal plus salt. 

7. Soybean meal plus salt proved inferior to milk as a supplementary feed 
for chicks up to 6 weeks of age and to milk and water from 6 weeks onwards. 

8. The feeding of cereals plus separated milk to drink from 0 — 6 weeks 
and cereals plus soybean meal and salt from 6 weeks onwards gives better 
results than cereals plus soybean meal and salt from day-old onward. If no 
milk is available for chicks less than 6 weeks old, soybean meal and salt can 
be used with fair success. 

9. The protein requirements for young chicks during (early life are consi- 
.derably lower than the accepted standard of 20 per cent when the protein 
.supplement is provided in the form of milk. 

The Feeding Regime 

The nature of the food given to poultry is a matter of prime 
importance and many poultry keepers fail to make profits 
through errors in feeding. The food should be palatable and 
■well Manced in regard to proteins, non-proteins, minerals and 
-vitamins, but it should also be cheap. It is, how^ever, bad policy 
■to feed damaged grain and mashes or inferior and bad house 
jand garden refuse. 

Hairy or rough cooked foods are not relished by poultry, and 
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they prefer coarsely ground foods to finely ground ones^ as the 
latter when fed as mashes form a sticky mass in the mouth and 
are not readily swallowed. Granular j loose textured mixtures are 
far better and more palatable. A certain amount of bulk in the 
rations is desirable, because too concentrated foods tend to be 
unpalatable and are not properly digested. The amount of fibre 
in the food, however, should be moderate as fowls cannot read- 
ily digest it, and it docs not supply the necessary nutrients either 
for growth or egg production. From 3 to lo per cent appears 
to be a safe limit, but foods of high fibre content should not 
normally be used, although occasionally they may be included in 
the ration for special purposes. For example, if die ration is 
very low in fibre the addition of from 5 to 10 per cent alfalfa 
(lucerne) meal may improve matters, and similarly the inclu- 
sion of a similar amount of a fairly fibrous meal will prove bene- 
ficial when an otherwise normal ration is deficient in vitamin A. 

Feeding Stuffs for Poultry 


The Cereals 

The cereals and their by-products, a detailed description of 
which has been given in Chapter VI, constitute the basis of the 
rations for all t^’pes of poultry, but as they are not well balanced 
it is better to use a mixture rather than a single type. 

Wheat 

Wheat is the staple grain of northern India and both the 
w’-hole grain and bran are widely used as poultry foods. 

Wheat and gram are very palatable and the birds will usually 
select them first from a mixed grain ration. Wheat may be fed 
either as the whole grain in the grain mixture or ground up 
widi others in the form of a mash, and when cheap may con- 
stitute up to 50 per cent of the total feed. Hainan [1928] has 
shown in digestibility trials on Wliite Leghorn cockerels that it 
is pnxnaterial whether what are known as ‘weak’ or ‘strong’ 
wheats are fed to poultry, as both are equally suitable. In grow- 
ing wheat for poultry feeding, therefore, the yield rather than 
the strength of the grain should be the object to aim at. 

Wheat bran 

Bran is an excellent food as part of the ration bodi for youi^ 
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and fully grown birds and may be fed up to 50 per cent |of the- 
mash or from 25 to 30 per cent of the total ration. 

Barley 

Barley has much the same nutritive value as wheat and may 
be used to replace the latter^ although fowls prefer the v/heat as- 
a whole grain. When barley is fed it should preferably be 
crushed and fed with wheat meal and skimmed milk or butter 
milk. 

Ragi 

Ragi has a similar protein content to paddy, but less fibrCj, 
and is extensively used in poultry rations in south India. 

Maize 

Maize is excellent for poultry but as it is very fattening it 
should be used in moderation and not as a sole feed for breed- 
ing and growing birds, although it is unrivalled for bringing 
birds to prime condition for the table. It is perhaps better than 
wheat for egg production when constituting a part of the ration, 
and in the U.S.A. as much as 60 per cent in the ration lias been 
used with good results. Yellow maize should be used in pre-^- 
ference to white, owing to its high carotene content. Maize may 
be fed whole, crushed, or as a meal. 

Oats 

Oats are much more fibrous than either maize or wheat and 
may be fed either hulled or unhulled. Some poultry keepers do^ 
not consider it necessary or desirable to hull them. Oats are 
not normally consumed as readily as wheat and maize, and those 
grown in India are usually poorer in quality and less palatable 
than those grown in more temperate climates. Hainan [1926] 
has shown that the digestibility of the fibre of oats is very low, 
averaging 7.6 per cent. Other workers [Kaupp 1904] also 
have found very low digestible coefficients for the crude fibre 
of whole oats, varying between 4.2 to 11.2 per cent. These 
trials all illustrate the 'fact that poultry cannot digest crude fibre 
very well, and furthermore, grinding oats does not improve the* 
digestibility of the fibre. If cheap supplies of oats are available,, 
however, they may constitute upto 20 per cent of the mash. 
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Rice 

Rice is the chief grain produced in many parts of India and 
is extensively used for poultry. Unhusked rice, or paddy, is not 
so palatable as wheat on account of its rough coat, but it is never- 
theless a useful grain. 

American workers have obtained satisfactory results using up 
to 75 per cent of rice products in the ration, but when fed at 
this level it is necessary to supplement it with a considerable pro- 
portion of food rich in proteins and minerals. Whole rice is a 
more valuable food than polished rice, because polishing i amoves 
the vitamin ‘B’ complex. 

Rice hr an 

Rice bran is richer in protein than the whole rice but has- 
more fibre and is much less palatable than wheat bran. On 
account of its variable composition and consequent uncertain 
value in poultry rations it is not advisable to feed more than 40- 
per cent in the mash or mash and grain ration. 

Juar or cholam 

This grain is of similar composition to wheat and can be 
used as a substitute for it. 

The Millets 

The millets vary somewhat in composition but have a higher 
fibre and lower protein content than wheat. They can be used 
as substitutes for other grains and are largely used in chick 
mixtures. 

Other carbohydrate feeds 

Tapioca is a carbohydrate rich food and contains but little 
protein and is not much good as a poultry feed, unless fed with 
suitable protein rich feeding stuffs. It is nevertheless extensively- 
used on the west coast of southern India. 

Potatoes 

Potatoes are deficient in protein, and too bulky to use exclu- 
sively for poultry and should be fed in conjunction with other 
foods. When thus employed they form a useful substitute for 
cereals for all classes of stock, but should not be used too largely 
for laying hensj which require a considerable amount of protdn 
feeds to produce the yolk of the eggs. When fed to young stock 
.or laying hpns it is best to boil the potatoes and mix them prop^- 
ly mashed with an equal quantity of wheat bran. 

EE 
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Protein Supplements 

Young stock and laying hens need a considerable amount of 
proteins of high quality to balance the deficiencies of the cereals 
in this respect, and it is better to furnish these from animal rather 
than vegetable sources, as the former are as a rule far better 
balanced in regard to their amino acid content. It is not gen- 
erally realised as fully as it should be that milk is an excellent 
food for poultry and contains proteins of high biological value. 

For domestic flocks, refuse from the table and the kitchen 
should be finely cut and may be fed either as such, or mixed 
with the mash feed. Hainan [1942] has recorded the results of 
some trials carried out to ascertain the biological value of proteins 
on young chickens. He has shown that the method of preparing 
animal proteins affects their nutritive value and that high tem- 
peratures should be avoided in the methods of preparations. He 
has also shown that both the quantity and quality of the protein 
fed with a cereal ration affects to a considerable extent ihc effi- 
ciency of the total or gross energy^ of the ration. It is interest- 
ing to note that Hainan [1942] finds as a result of these experi- 
ments strong support for the system of expressing the nutritive 
values of feeding stuffs and nutritive requirements of animals in 
general in terms of digestible protein and total digestible nutrients, 
i,e. in terms of metabolizable energy rather than in terms of 
calories or starch ecj[uivalents. Whole-meat meal as shown by 
Hainan possesses a high biological value for chicks, but it has 
certain disadvantages and tends to cause trouble in the gizzard. 

Butter milk and skim milk 

Whole milk is usually too expensive to feed to poultry but 
butter milk and skim milk give, on the whole, just as good re- 
sults and should be used whenever possible, whether for young 
or fully grown birds. They may also replace animal food such 
as meat to a considerable extent. Butter milk contains^ a certain 
amount of lactic acid which aids digestion, and it also has valu- 
able laxative qualities. It may be fed either separately in pro- 
perly protected v^sels, or mixed with the soft food^ but not to 
sudi an extent as to make a slop. Butter milk also has a bene- 
ficial action on the digestive tract and may help to ward off many 
of dio diseases which afflict poultry. It is an foed 
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130th for meat and egg production and should be given when- 
ever available. 

Skim milk contains a little more fat than butter milk but 
otherwise has all the valuable properties of the latter. Parti- 
cular care should be taken in feeding both these to ensure strict 
cleanliness. 

Tf/zej 

Whey is useful in supplying tlie vitamins necessary for growth 
in "voung chickens and may be fed in conjunction with protein 
rich foods. Milk products are not alwa)s obtainable and may 
be costly if fed as sole protein rich supplements, so it is advis- 
able to use them in conjunction with cheaper protein rich sup- 
plements of either animal or vegetable origin. 

Fi^h meal 

Good quality w’hite fish meal is an excellent protein feed for 
poultiy, but is usually too expensive, except on the sea coast, to 
be used as a sole protein feed. In coastal areas it is an econo- 
mical protein supplement to use in conjunction with cereal 
rations. 

Meat and meat and bone meals 

Tests carried out by Macdonald [1941] at Izatnagar have 
shown that althougli these feeds are, as a rule, poorer in biologi- 
cal value than white fish meals they, nevertheless, give as good 
results as milk products and should be used whenever they can 
be bought cheaply. 

Vegetable protein supplements 

Soybean meal is generally regarded as one of the best vege- 
table protein rich supplements. The extracted meal is said to 
give better results than whole soybean meal but the m 03 t recent 
trials at Izatnagar do not support this view. Soybean meal plus 
salt has a very beneficial effect on the rate of growth of chickens 
but is not as satisfactory as milk or meat offals. Like other 
vegetable protein supplements this meal is useless without added 
•salt. 

Legumes 

Pea, bean and gram meals are moderately satisfactory sources 
of protein if fed with salt, but tlie balance of evidence suggests 
tliat they are not as good as soybean meal. 
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The Dais 

The dais contain nearly twice as much protein as wiieat and 
give fairly satisfactory results, fed either as grain, or as part of 
the mash, but they should not be fed as the sole protein supple- 
ment. 

Groundnut meal 

Trials conducted at Izatnagar have shown that groundnut 
meal is as valuable as soybean meal for growing chickens. As 
it is usually cheaper than the latter it should be used much more 
extensively than it is for different classes of poultry. 

Ground linseed and linseed meal 

Although the proteins of linseed products are of poorer 
quality than those of the soybean, they are frequently used as 
protein supplements. 

Small quantities of linseed meal are useful in stimulating the 
growth of feathers in backward chicks and moulting hens, but 
the amount fed should not exceed 5 per cent of the total ration. 

Cottonseed meal 

This meal is rich in protein content but the proteins are not 
as suitable as those of the soybean or groundnut. Hence cotton 
seed meal should not be used to a greater extent than 5 per cent 
in the ration for laying birds, as more than this tends to cause 
discolouration of the yolks, especially of eggs put into cold 
storage. 

Minerals 

Minerals, especially calcium, are as important for poultry as 
for other classes of stock and when the birds are free to roam 
at large they are able as a rule to pick up from the ground all 
they need to supplement the deficiencies of the rations. 

Most of the foodstuffs fed to poultry are deficient in one or 
more of the essential minerals, so when they are confined in runs 
and there is a danger of mineral deficiency they should be sup- 
plied with broken or moderately finely ground limestone or other 
form of calcium, such as ground shells. No harm will be done 
if limestone is supplied, even when the birds are able to wander 
about the fields. Rations containing fish meal as the sole pro- 
tein supplement will contain sufficient common salt for normal 
growth and egg production, but insufficient calcium, which is 
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essential for forming the shell of the egg, which is largely com- 
posed of calcium carbonate — the same chemical substance as 
limestone. Absence or deficiency of this substance is likely to 
cause rickets and the production of soft shelled eggs. 

The amount of calcium required in the ration varies accord- 
ing to the age of the birds, the rate of production, ^iid the 
amount of vitamin D and phosphorus in the diet, but the pro- 
vision of ground shells and limestone as an invariable adjunct 
to the rations should be sufficient precaution against calcium de- 
ficiency. Mineral supplements should be kept in proper con- 
tainers so that they are not contaminated, and the birds can 
have access to them at all times. 

It should be remembered, however, that there is nothing 
which fowls enjoy more than scratching about on fresh uncon- 
taminated ground, or newly ploughed or dug up earth. This 
provides them with employment, they get the needed minerals, 
and also a considerable amount of animal food from the worms 
and insects they find. It is a good plan, therefore, when poultry 
are kept in confined spaces, to provide them with fresh sods of 
earth in their runs or to dig up periodically a certain amount of 
the ground. 

Common Salt 

Common salt is very necessary for poultry when little or no 
animal proteins are fed, if the best results are to be obtained, and 
an amount constituting from ^ to i per cent by weight of the 
total ration should be given finely ground and mixed in the 
mash. This will guard against either sodium or chlorine defi- 
ciency^, particularly in w^arm weather, and act as a preventive 
against feather picking. 

Under normal conditions of feeding it should not be neces- 
sary to feed any other mineral supplements such as steamed bone 
flour, iodine, sulphur, etc., and feeding of charcoal, which is a 
common practice among many poultry keepers, should be un- 
necessary when the rations are well balanced. If the inclusion 
of charcoal gives better results it is usually a sign of improper 
feeding, and the cause should be removed rather than corrected 
by including charcoal. 

There is still considerable controversy in regard to the value 
of insoluble grit in the ration. The balance of evidence sug- 
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gests that this material is not essential but that it may tone up 
the digestive system and help in the digestion of the food. When 
birds are kept in confined conditions it may be advisable to feed 
such materials as finely broken granite, crockery, etc. 

Green Foods and Vitamins 


Vitamin A 

Poultr}-^ have relatively high needs for vitamin A, and yet 
most poultry foods, other than yellow maize, which cannot 
be fed in sufficiently large quantities to provide the amount 
needed, are deficient in this vitamin. Poultry should tlicrefore 
always be given a regular supply of good quality green foods. 
Any form of green material from the garden or farm, and also* 
young pasture leaves if not rank, are much relished. When 
poultry do not get sufficient green material both grmvth and 
egg production are liable to suffer, and the eggs may be sterile, 
due to vitamin A deficiency. Recent developments in our know- 
ledge of vitamins have perhaps done more than anything else in 
the prevention of poultry diseases and uneconomic production. 
Should there be any difficulty in getting green fodder^ spmuted 
oats may be fed. The oats should be moistened with water and 
allowed to sprout until the young shoots are just turning green. 
An alternative is to feed cod or shark liver oil. 

Vitamin B 07 

Vitamin B is not likely to be lacking in any of the ordinary 
rations, except in cases where polished rice forms a laige part 
of the ration. In polishing the rice the germ containing the 
vitamin is removed and avian polyneuritis, the counterpart of 
heri heri in man, may result. The only remedy is to improve 
the rations. 

Vitamin D 

Under ordinary conditions when fowls get plenty of sun- 
light, or access to the fields, there should be no danger of vitamin 
D deficiency. Should they be confined, however, for any length 
of time in closed-in houses, or behind ordinary glass, there may 
be real danger of rickets or osteomalacia developing, owing to 
insufficient calcium-phosphorus metabolism due to lack of 
vitamin D. It will be necessary in such cases to give about i 
per cent of guaranteed fish liver oil with the ration as a pre- 
ventative. 
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Titamin B,; {or G, US,A,)y the giowth promoting vitamin 

Most of the cereals are deficient in vitamin Bo, and unless 
the rations are supplemented by materials rich in this vitamin, 
growth will be poor and the eggs tend to be infertile. Glandu- 
lar tissues, such as liver, pancreas etc., yeast and milling 
products are rich in B>, also young green leaves and pasture, and 
these should be fed whenever possible to counter the defect of 
the cereals. (See also Chapter II, Vitamins). 

The above constitute the only precautions which need usually 
be taken against vitamin deficiency — but their observance may 
make the difference between success and failure. 

Introducing Variety into the Ration 

It is desirable to change the ration according to the season 
and temperature. A greater percentage of barley, oats, gram, 
peas and animal foods should be given in cold weather, while 
during the hot weather poultry may be given more vegetables, 
green feeds, butter milk and wheat. Special care should be 
taken during the monsoon period and when the birds are moult- 
ing to ensure the strictest cleanliness and most careful feeding. 
During such periods plenty of green stuffs and vegetables should 
be given with wheat, paddy, barley and gram, with a small 
quantity of meat periodically. 

The Amount of Food to be Fed 

It is not easy to lay down any fixed standards of how much 
food should be fed to poultry, but whilst they should not be 
underfed they should also not be overfed, but given a sufficient 
and regular amount of food at definite intervals. Over-feeding 
fowls is not only uneconomic but leads to digestive troubles, 
which might otherwise be avoided, and diminishes the number 
of eggs laid rather than increases them. Like most other farm 
stock different breeds of poultry and different individuals of the 
same breed will require different amounts of food, and naturally^ 
during the cold weather, more heat producing food is needed 
than in the hot, and a hen laying may require almost double 
the amount of food she would need when not laying. 

It is a sound plan to give only that amount of feed which 
the birds will eat with relish, but not more than is necessary 
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to satisfy their appetite. Mashes, whether wet or dry, should 
be placed in proper containers so that the birds cannot conta- 
minate them, whilst grains should be strewn over the ground. 

Fowls enjoy scratching for the grain amongst straw and 
rubble or from rough overturned earth, but food should not be 
left about to become stale and dirty. 

Just precisely how much food is required per bird depends 
on a number of factors, such as the extent of run which the birds 
have, and on the amount of odd scraps which may come from 
the domestic household. On large pasturage runs, poultry will 
pick up a considerable proportion of food for themselves and 
about 2 ounces of additional food per bird will be sufficient. If 
the runs are small and do not provide much opportunity for the 
birds to supplement their rations, double this amount, or 4 ounces 
a day may be needed. Practical experience however will soon 
indicate whether the birds are having their appetites satisfied 
and getting enough food. 

Protein Supplement 

The question arises as to how much protein supplement 
•should be fed to poultry. Rapidly growing chickens need rations 
rich in well balanced proteins, and the general consensus of 
opinion is that during the first eight weeks the best results are 
obtained from rations containing 20 per cent protein, or even 15 
per cent, if milk is the sole protein rich supplement. If inferior 
types of protein are fed a higher percentage will be needed, 
whilst well grown chickens will do well on considerably less. 
On the other hand fully grown birds may be fattened on a cereal 
ration with as little as 3 per cent protein rich supplements. 

If the rations are well balanced, good egg production should 
he secured with rations containing from 12 to 13 per cent protein, 
although this may be slightly raised. 

Young turkeys and quickly growing ducks, such as the Ayles- 
bury, need a somewhat higher protein level than chickens. 

Drinking Water 

Fowls need a continuous supply of clean drinking water. 
This should be provided in shallow vessels, which must be 
thoroughly cleaned every night ready for next day. A better 
system is an automatic water supply such as may be obtained by 
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inverting a bottle of water in a shallow basin, or a contrivance 
such as that shown in Plate XLIV, will guard against birds put- 
ting their feet into the water. The amount of water poultry 
need varies with circumstances. Fattening birds need less than 
growing chicks, and heavy laying birds more than other classes 
of stock. Naturally more water is required in the hot w^eather 
than in the cold. 

The water supply should be renewed at least every day in the 
morning, and again in the evening, and should be placed so as 
to avoid contamination or exposure to the sun. 

Some Systems of Feeding 

Different poultry keepers feed their birds according co their 
own particular systems, which they have found to be satis- 
factory, and which may conform to one or other of the foilow- 
mg:— 

1. The all mash system 

2. Mash and grain 

3. Pellet feeding 

4. Grain and milk 

The all mash system is easy to follow and ensures that all the 
birds receive a well balanced diet. It is also hygienic as the 
food is fed from hoppers. It is costly, however, as everything 
has to be ground and the protein supplements mixed in with the 
ground cereals. It also tends to become monotonous for the 
birds and diminishes their natural propensity to scratch and 
search for the grain part of the food. 

The mash and gram system gives better results, if properly 
carried out, as the ration can be varied at will to suit require- 
ments according to the condition of the birds. For example if 
the birds are becoming too fat the grain is reduced and the mash 
increased and vice versa. 

In the pellet system the food is all ground and formed into 
a mash which is then passed through suitable dies under pres- 
sure. It is in reality a modification of the mash system but is 
not practised in India as the machinery needed is expensive and 
only justifiable on large poultry farms. 

The grain and milk system is excellent when these feeds can 
be cheaply bought and good results may be obtained as describ- 
ed above in the Izatnagar trials. Its practicability, however^ 
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will depend on the proximity to large dairies and the cost of the 
milk products. It may be used for all classes of poultry. 

W^t versus dry mashes 

It is immaterial whether the mash be fed wet or dry, al- 
though the former involves a higher degree of skill and more 
labour than the latter. Most farmers follow the dry method 
although wet mashes may be fed to backward birds and fatten- 
ing chickens. The mash should not be so wet as to be sloppy^ 
but in a crumbly condition, and only as much fed at a time as 
will be finished, as mash left over becomes stale and unpalatable 
and liable to contamination. 

A good combination is to feed dry mash as a morning meal 
and wet mash and grain in the evening. 

How OFTEN TO FeED POULTRY 

Fowls are early risers and w^hen confined at night should be 
let out at dawn and given access to clean drinking water follow^- 
ed by the first meal. This may consist of pollards or well ground 
wheat, barley or oats mixed with skimmed milk, or butter milk 
when available, and made into a mash sufficiently damp to hang 
together and crumble. It should not be made into a slop. Finely 
chopped onions or garlic may occasionally be mixed with the 
mash. Domestic refuse, such as finely cut meat, bread, vege- 
tables etc., may also be included in the first mash feed. Periodi- 
cally a little salt, but not too much, or one of the standard poul- 
try powders may be fed mixed in the mash. In the cold weather 
fowls should be allowed about an ounce of food per head i>er 
day for the first meal, but in the hot w^eather, and if there is a 
tendency for laying fowls to become too fat, the first morning 
meal may be modified by wholly or partially reducing the non- 
grain part of the feed. Fowls are very partial to soft food and 
if given too much may find little necessity for their special apti- 
tude in getting other food and minerals by scratching the earth. 
Where laying birds tend to become fat, egg laying is retarded 
and they should then be put on to whole grain only. On large 
runs it may not be necessary to feed again until the last meal in 
the evening, but in confined spaces the birds should be fed 
about an ounce per head of whole grain at raid-day strewn 
about the ground. The final meal in the evening should con- 
sist of good grain comprising the balance of the daily ration. 
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Poultry appreciate variety in their rations and do better 
if the constitution of the morning meal is frequently changed, 
and whatever feed happens to be available should be introduced 
into the ration. For example, boiled roots such as beet, carrots, 
turnips etc., when finely chopped and mixed with bran and some 
good quality bone meal and a trace of salt, makes an excellent 
morning meal. The salt, however, should never be fed as such, 
but always dissolved in the water or milk used for the morning 
feed in the amount mentioned above. Wet sloppy food should 
not be fed to poultry. 


Some Typical Feeding Systems 

(i) At the Lyallpur Agricultural Farm 

Newly hatched chickens are given no food for the first two- 
days but are provided with water and some fine grit and char-* 
coal before any solid food is given, and a little sour butter milk 
to prevent diarrhoea. After two days the chicks are fed accord- 
ing to the following regime: — 

Srd day to ^id week 

(1) Crushed grain consisting of three paits wheat, one part maize 
(2 ounces for i z chicks at 8 a m., 1 2 noon and 6 p.m. ) 

(2) Wet mash consisting of 2 parts wheat bran and i part maize 
atta and 2 parts wheat atta (2 ounces for 12 birds, at 10 a.m., < 
2 p.m., and 4 p.m.) 

(3) As much curdled skimmed milk at noon as they can take, ancf 
again in the evening with no water. 

From about the 4th week up to the age of 6 months the 
grain and mash rations are increased until the chicks consume 
approximately 2 ounces of mash and one ounce of grain mixture 
per head per day. At the age of 3 months the chickens should 
have increased their weight at birth about 25 times, and there- 
fore the food must be rich in body producing material. This 
is best attained by a variety of feeds which should not be exclu- 
sively grain. 

Ground limestone and plenty of green food are also fed to* 
guard against rickets. 

Some form of animal food is necessary for chickens, if they 
are to make the best growth, and their requirements in this* 
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respect will be met if they arc given all the skim and butter milk 
that they can drink. The mash fed to chickens in the early 
stages of growth, however, may contain about 5 per cent finely 
.cut meat, this being gradually raised at the end of the 
first month to 10 per cent. As with fully grown fowls no de- 
finite rules can be laid down as to the actual amounts of food 
needed, as this will vary with circumstances, but they should 
always be given as much as they can eat last thing in the 
evening so as to retire at night with full crops. Chickens should 
have access to the dry mash throughout the day and after the 
first two months the best method for feeding this is to place 
it in hoppers as illustrated in Plate XLV. 

From the age of 6 months onwards a satisfactory feed would 
be 12 lb. mash and 12 lb. grain mixture per 100 birds. This 
ration is given at the Agricultural College Poultry Farm at Lyall- 
pur and is found satisfactory, but some people may prefer to 
^ive no wet feed at all until the chickens are about two months 
old, when a moist mash may be fed at about 4 o’clock in the 
afternoon. Except in dry and arid tracts this may be better be- 
. cause, although wet mashes are excellent if properly fed, any 
slackness or carelessness in feeding on the part of attendants 
may lead to digestive troubles if wet mashes are improperly fed 
at too early an age. 

Finely chopped up green food may be given after the first 
week and cooked beets and turnips mixed with the dry mash. 

{2) The Government Poultry Faim, Gurdaspw ^ Punjab 

A rationing regime which has been in vogue at the Poultry 
Farm at Gurdaspur in the Punjab for adult and young stock 
is as follows: — 

(a) Adult stockj i.e,, about 6 months old arid over 

(i) Two ounces of grain per head per day is given to the 
i>irds, half in the morning and the other half in the evening. 
"The grain ration is made up as follows: — 

Wheat - . 50 parts. Winter. 

Yellow maize . . 50 parts. 

66 6 parts. 

333 parts. 


Wheat 

Yellow maize 


Summer. 
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(ii) Mash 

Wheat ata 
Yellow maize ata 
Wheat bran 
Barley meal 


35 parts. 
20 parts. 
20 parts. 
15 parts. 


Winter. 


100 lb. of the above mash are mixed with 75 lb. of beef-offal-extract and'^ 
fed ad lib. Each bird consumes approximately two ounces per dav. 


Wheat ata 
Yellow maize ata 
Wheat bran 
Barley meal 


40 parts. 
20 parts. 
20 parts. 
15 parts. 


Summei. 


100 lb. of the above mash are mixed with 75 lb. of beef-offal-extract and 
fed ad lib. Each bird consumes about two ounces per day. 


(b) Toung stock, i.e., from one day old to about 6 months 

(i) Grain mixture is fed in the same proportions as for adults, 
the only difference being that the grains are kibbled and the 
quantity allowed per day per bird averages about i ounce. 

(ii) Mash (Winter and Summer) 


Wheat ata 
Yellow maize ata 
Wheat bran 
Barley meal 
Linseed 


35 parts. 
20 parts. 
25 parts. 
10 parts. 
3 parts. 


100 lb. of the above mash are mixed with 75 lb. of beef-offal-extract and- 
fed ad lib. On an average each bird consumes 1 ounce per day. 

In addition to the grain mixture and wet mash, the birds 
are given any green food available once a day. Rivershell grit 
is also allowed ad lib. 

At a time when it became necessary to find alternatives to' 
wheat and maize, when these were difficult to obtain, the writer 
suggested replacing these grains by bajra, juar and oats. 
Both the original rations and the alternative ones suggested, 
however, were deficient in calcium, and so wheat mamni, which 
is very rich in calcium, was suggested as an alternative to any of 
the above grains, with the further addition of finely ground' 
bone meal or limestone. (Wheat mamni is wheat screenings 
and small foreign seeds.) 

Alternative rations proposed by the Officer-in-charge of the' 
Poultry Section of the Imperial Veterinary Research Institute,, » 
Izatnagar, were the following: — 
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Mashes 


Wheat bian 

. . 30 parts. 

Rice bran 

. . 30 parts. 

Giound barley 

30 parts. 

Ground gram 

20 parts. 

Salt 

i part. 


Or, 

Wheat bran 

30 paits. 

Ground paddy 

20 parts. 

Ground oats 

. . 10 parts. 

Ground barley 

20 parts. 

Ground gram 

20 parts. 

Salt 

i part. 


Grains foi adults 

Paddy 

I part. 

Juar 

I part. 

Barley 

r part. 

Giam 

. . I part. 


A mixture of 3 or 4 of the 5 grains mentioned above will 
.do well for chickens, and if meat offals with plenty of green 
food and rivershell grit and crushed limestone are fed with the 
above rations, they should prove satisfactory. 

( 3 ) The Poultry Research Section^ Imperial Veterinary Re^ 
seaich Institute, Izatnogar. (Details supplied by Mr. A. J. 
Macdonald. ) 

The following system of feeding has given good results at 
the Imperial Veterinary Research Institute, Izatnagar. As the 
ingredients of the rations used are typical of those found in 
northern India they are capable of fairly wide application either 
as formulated, or with slight modifications according to the local 
supplies of foodstuffs. 

System i. 

All the birds are fed dry mash and grain from the day after 
hatching. During the first week the grain is spread out on 
paper and fed in small quantities several times daily. From the 
first to the eighth week the grain is fed in the litter in amounts 
.depending on the chicks" appetite every morning at 7 a.m. and 
every evening at 4.30 p.m. 

All the grain is generally consumed in about 15 minutes. 
From the age of 8 weeks onwards the grain is fed in the 
■mornings and evenings. Up to 8 weeks of age the birds are 
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^iven separated milk only to drink and after 8 vveeks, separated 
milk and water arc given in separate containers to growing birds 
^nd laying stock ; liberal amounts of cut succulent green food are 
fed daily. Broken limestone is fed ad lib from the age of one 
day onwards. 

The mash consists of wheat bran 50 parts, yellow maize meal 
30 parts, ground oats 20 parts, supplemented with ^ per cent 
eommon salt. From 0 — 8 weeks the grain mixture consists of 
equal parts of yellow crushed maize, juar and ckeena. From 8 
weeks onward the grain mixture consists of equal parts of yellow 
maize, wheat and paddy. 

System 2. 

Another system wiiich has given good results with chickens 
and laying hens consists in replacing the separated milk with 
meat offals. In this system the birds are fed the usual grain 
ration, green food and broken limestone. The meat offals 
(stomachs and intestines from the slaughter house) are ground 
up in a mincer and cooked in a small quantity of water for one 
hour. The cooked offals and the residual water left after cooking 
are then mixed with dry mash and fed in a crumbly state. 
Young chickens receive grain in the morning and evening, and 
a wet mash , according to appetite at 9 a.m., 12 noon and 3 
p.m. Laying birds receive only one feed of wet mash per day 
at about 8 a.m., grain at ii a.m. and 4.30 p.m. Dry mash is 
fed at 10 a.m. and 3 p.m. Adult birds receive about i oz. of 
meat offals per day. Young chickens from 0 — 8 weeks receive 
relatively about 50 per cent more meat offals than the laying 
stock. From 8 weeks onward chickens can be fed thq. same 
proportions of meat offals to mash and grain as laying hens. 

Food Consumption 

Economy in food utilization is very important from the com- 
mercial stand point, both for table purposes and egg production. 
The efficiency factor, or the pounds of food given per pound of 
live weight gain depends on various factors, such as the nutritive 
yi|ue of the diet, the breed, climate, etc. Light breeds, such as 

fowls, make poorer gains in weight per pound of food con- 
sumed than large fast-growing breeds, such as Rhode Island 
Reds. Shnilarly, heavy layers utilize their food better for egg 
production than poor layers. From various reports rt would 
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appear that the food consumed per pound of gain, for successive 
pounds beginning with the first, comes to 4.0, 6,0 and 10.5 for 
Leghorns, and 3.8, 4.5, 6.5 and lo.o for Rhode Island Reds, 
With poor diets these figures would be increased. In the hot 
weather the rate of growth and efficiency of food utilization are 
lowered. From 0 — 24 weeks a Leghorn pullet will consume 
about 20 lb. of food. 

Good laying birds normally consume 3I — 4 oz, of food per 
day or roughly 80 — 90 lb. of food per year. Though compara- 
tively poor layers, such as the desi fowls, consume considerably 
less food than high producers such as Leghorns, they do not 
make as efficient use of their food, judged by the pounds of 
food consumed per pound of eggs produced. 

Feeding for Egg Production 

The egg laying season varies in different parts of India, anj 
in northern India it is roughly from early October to March.. 
As previously stated the prime essentials for the production of 
eggs are good breeding and good feeding. For example, a. 
White Leghorn laying on an average 120 eggs during the winter 
egg laying season, and 20 during the off summer season, may be 
fed at the rate of 24 lb. of grain and bran mash mentioned om 
page 478. Other suitable grain mixtures for egg production are: 
as follows: — 


1, Equal parts of cracked maize, wheat and oats. 

2. Cracked maize 

3 parts. 

Cracked oats 


2 parts. 

Wheat 

. . 

I part. 

3. Cracked maize 

. . 

2 parts. 

Oats 

. . 

I part. 

Alternative dry mash mixtures are: — 

I, Maize meal 


2 paits'. 

Wheat middlings 


I part. 

Wheat bran 


I part. 

Meat scrap 


I pait. 

2. Maize meal 


3 parts. 

Meat scrap 


I part 

As with chickens, skimmed milk, butter milk and meat scraps* 


of good quality, if available, are the best protein feeds to feed,, 
and when available, fowls should be given as much milk as they 
will consume. All these rations should be supplemented by 
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green stuff, gnt, and finely ground shell. The mash should 
always be fed in hoppers and the grain strewn on the giound 
which may be littered with straw so that the hens have to scratch 
for it. More grain should invariably be fed in the evening than 
in the morning, so that the hens go to roost with their crops 
full 


Fattening 

Birds which are required to be fattened for the market will 
not need so high a protein content in their rations as laying hens, 
and, if given good fattening food, should increase in weight 
from 30 to 50 per cent in two or three weeks, and when fed 
for this purpose they should be confined in small numbers to 
fattening pens and fed twice a day. A suitable ration for 
fattening fowls could be made from the following mixture: — 

Maize meal . . . . . . . . 60 lb. 

Middlings . . . , . . . . 40 lb. 

Meat scraps . . . . . . 5 lb. 

This may be mixed with sour milk to a moderate though not 
too soft consistency, but if milk is not available and water is used, 
the meat scraps must be increased to 10 lb. Drinking water 
during the fattening period should be reduced to a minimum, 
or not given at all, depending on climatic conditions. 
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CHAPTER XVI 


THE ECONOMICS OF FEEDING 

The question is sometimes asked “What is the best ration to 
feed for any particular type of animal ?” The answer is, there 
is no one ration which can be considered the ration par excellence 
to the exclusion of others. 

In the preceding chapters some account has been given of 
the considerations which must be taken into account in selecting 
rations for different types of farm stock, and in every case the 
farmer should be guided by the qualitative and quantitative 
factors which must be provided for in each particular case. 

The computation of rations based on digestible nutrients 
takes into consideration only the quantitative aspects of the 
rationing problem, and deals with only some of the factors 
which govern the nutritive value of rations for different classes 
of farm stock. Different feeding stuffs have different values 
for different types of animal, and these values may have 
little correlation with the amounts of digestible nutrients 
which the feeding stuffs contain. Certain types of animal may 
have special requirements for minerals and vitamins which cer- 
tain rations prc-vide, and their value cannot thus be stated mere- 
ly in terms of total digestible nutrients and digestible protein. 
For example, high quality legumes, such as lucerne, either as 
green fodder or hay, possess special nutritive features for cattle, 
pigs and growing animals, especially in the dry season and winter 
months, on account of their richness in calcium and protein. 
Similarly, dairy by-products are especially valuable for young 
pigs and poultry, on account of their richness in vitamin B. 

There are many other differences in the value of certain 
feeding stuffs compared with others, which have been brought to 
light by trial and experience, and for which no adequate ex- 
planation based on digestible nutrients alone is forthcoming. 
For example, ground barley and ground maize have approxi- 
mately the same value for dairy cattle, but barley has not the 
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^ame value as maize for fattening cattle, pigs and sheep. Again, 
oats have a considerably higher relative value for horses and 
dairy cows than for fattening cattle, sheep and pigs, particularly 
the latter. Cottonseed and linseed meal when forming protein 
supplements to otherwise satisfactory rations are of approximate- 
ly equal value for dairy cows and fattening lambs, but the 
former is of less value than the latter for fattening cattle when 
it is the sole protein supplement. Similarly, linseed has a special 
conditioning value for horses and certain other classes of stock, 
and hence is of greater value than cottonseed. 

Corresponding considerations have already been described in 
regard to the value of oilseeds and cakes for cattle, sheep and 
pigs. Soybeans are a good part-protein supplement for dairy 
cows but are not to be recommended as the sole protein 
supplement for pigs, as, apart from other reasons 
they tend to produce soft pork. These and many other con- 
siderations which have been touched on in the chapters dealing 
with the various classes of live stock have to be kept in mind in 
formulating rations with a view to getting the best ration for any 
particular purpose. 

When all these factors have been taken fully into account, 
however, one of the most important problems which has to be 
considered by the farmer is how to provide the cheapest ration 
consistent with efficiency. 

Cost of the ration 

A considerable number of feeding stuffs to choose from will 
be available either on the farm or in the market, and economic 
considerations demand, other things being equal, that those 
should be used which can be obtained most cheaply. 

It does not follow that because a particular feeding stuff 
fetches a higher price than another it is necessarily of higher 
nutritive value. In fact it sometimes happens that higher priced 
feeding stuffs are of less nutritive value than lower priced ones, 
as in the case of desi and American cotton seeds. It is neces- 
sary, therefore, that the farmer should have some approximate 
guide which will enable him to ascertain the relative values of 
feeding stuffs in terms of cash. 

Various methods have^ been devised from time to time to 
ascertain the relative cash 'values of feeding stuffs in terms of 
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basal food ingredients^ and two systems which may be used for 
this purpose will now be described. 

No, I 

A method which takes into account the cost of the food in 
comparison with its energy value to the animal in terms of 
calories, calculated from the digestible nutrient content and the 
cash value of the manure produced. 

No, 2 

A method based on the total digestible nutrients and digestible 
protein but applicable only when protein rich feeding stuffs are 
more expensive than carbonaceous ones. 

Method No, i based on food units 

The three chief constituents of a feeding stuff are proteins^ 
fats and carbohydrates, and one pound of each of these respec- 
tively will supply to the body that amount of heat expressed in 
calories as shown below: — 

Heat value per pound 

Proteins .. .. .. .. .. ..2,130 calories. 

Fats . . . . . . . . . . . . 4,000 calories. 

Carbohydrates .. .. .. .. .. 1,707 calories. 

Thus the heat production values provide a method for com- 
paring the values of proteins, fats and carbohydrates. If the 
heat producing value of one pound of carbohydrate is taken as 
unity then obviously the corresponding value of one pound of 
protein will be corresponding value of one 

pound of fat will be or 2.3. 

If these values are applied to any particular feeding stuff, 
say cottonseed cake, it will be possible to find the percentage of 
carbohydrate which will have the same heat producing value 
as the sum of the percentage of the protein, fat and carbo- 
hydrate as shown by the digestible nutrients in cottonseed cake. 

Thus, taking the digestibility data obtained at Lyallpur for 
cottonseed cake, the value per digestible food unit for the cake 
may be calculated as follows on the basis of cost (Rs. 3/- per 
maund) ; — 

Digestible Starch Expressed in 

Nutrients. % factor. teims of starch. 

Protein .. .. 17-97 ^ ^ 1*23 - 22.10 

Fat .. .. .. 8.30 ' X 2.3 = 19*09 
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Carbohydrates .. .. 20.53 X i.o 

Fibre .. .. .. 16.43 ^ i-o 


Digestible food units = 78.15 


At Rs. 3/- per maund the price per digestible food unit will 
be ^ HA 

78.I5=^-^P^“ 


In a similar way corresponding calculations may be made for 
any other feeding stuff if the amount of digestible nutrients it 
contains are known. 

A certain amount of manure is produced^ however, from the 
food eaten, the value of which is chiefly determined by the 
amount of nitrogen which it contains. So every maund of food 
employed will, in addition to its intrinsic value as a food, yield 
a certain value in terms of manure. Therefore, the factor 1.23 
by which the digestible protein figure was multiplied should be 
increased in order to account for the manurial value. A reason- 
ably safe but somewhat empirical guide based on the value of the 
manure would be to increase the protein factor from 1.23 to 
1.50. Taking this figure the carbohydrate equivalent of the 
cottonseed cake will then, with this modification, be calculated 
thus: — 


Protein percentage X 1.50, plus fat percentage 
carbohydrate and fibre percentage. 


Protein 

17-97 

X 

Fat 

8.30 

X 

Carbohydrates 

20.53 

X 

Fibre 

16.43 

X 


X 2.3, plus 


- 26.96 
= 19.09 

= 20.53 

= 16.43 


83.01 


At Rs. 3 per maund the price per digestible food unit will be 


Rs. 3 „ 
83.01 


7.0 pies. 


This provides a convenient practical method for comparing 
the relative values per food unit of different feeding stuffs. It 
is open to two criticisms, however. Firstly, it takes no account 
of the fact that the digestible nutrients of different feeding stuffs 
are not all of the same value, and hence it is to this extent in- 
accurate. Secondly, it attempts a compromise between the nutri- 
tive value of the feeding stuff and the value of the manure pro- 
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duced. Naturally the intrinsic value of manure will depend 
on the relative amounts of the total digestible nutrients and 
digestible protein which the feeding stuffs contain, and conse- 
quently, although the above method forms a useful guide in 
regard to purchasing price it is not strictly accurate in terms 
of rationing value. 

Method Ko, 2 based on total digestible nutrients and digestible 

protein 

The principle underlying this method is based on the estima- 
tion of the cost per unit of total digestible nutrients in the food. 
In its simplest form this method is very easy to employ and it 
shows which feeding stuffs are cheapest per unit of food con- 
tained in them. It is accurate in evaluating feeding stuffs when 
protein rich feeds are no more expensive than those richer in 
non-protein digestible nutrients, as is generally the case in India ; 
it has certain drawbacks however, when used for protein rich 
feeds if the latter are more expensive than carbonaceous ones, 
as is usually the case in foreign countries, because the method 
does not take into consideration the differences in the digestible 
protein content of the various feeding stuffs ; a matter of import- 
ance when one has to decide which of a number of protein rich 
•supplements to use to balance a ration poor in protein. 

This difficulty can be overcome by computing the cost per 
pound of total digestible nutrients, and also the cost per pound 
■of digestible protein for each feeding stuff, both of which factors 
must be taken into consideration in deciding which protein sup- 
plement to employ. 

Considerable experience, however, is necessary to arrive at 
a correct decision, because one supplement may furnish the 
cheapest source of total digestible nutrients, while another may 
be cheapest in regard to digestible protein. 

Application of the method 

a) When protein rich feeding stuffs are no more expensive than carbonaceous 
feeds. 

Suppose a farmer has to purchase his feeding stuffs, and the 
concentrates he has to choose from are, maize at Rs. 4 per 
maund, hajra at Rs. 3-12 per maund and oats at Rs. 4-8 per 
maund. Which of these will be cheapest ? The nutritive value 
of each may be determined from the total digestible nutrients, 
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and the price per pound of these may be ascertained by dividing 
the price per maund by the number of pounds of total digestible 
nutrients per maund. 

From Appendix I, it will be seen that one hundred pounds 
of maize contain 70.5 lb. of total digestible nutrients, hajra 54,3 
lb., and oats 66.9 lb. Therefore the price per pound of total 
digestible nutrients for each respectively will be : — 


Maize, Rs. 4/- = = i anna i pie per lb. T.D.N, 

70.5 X S2 
100 


Bajra, Es. 3/12/- 

54.3x82 

100 

Oats, Rs. 4/8/- 

f)6.9 X 82 
100 


60 

44.53 


anna 4 pies per lb. T.D.N. 


72 

54.86 


= I anna 4 pies per lb. T.D.N. 


Hence, although the hajra and oats are offered at different 
prices, they are of equal value as regards the cost per digestible 
food unit, and for the same reason, maize at Rs. 4 per maund 
is decidedly cheaper than hajra at Rs. 3-12 per maund. 

Such considerations are of great importance in large scale 
feeding. 

This method has been simplified and represented in graphical 
form in Figs. 14 and 15, so that the comparative values of feed- 
ing stuffs may be quickly ascertained. In Fig. 14 digestible 
nutrients in terms of protein, fat and carbohydrate, and the 
total digestible nutrients in a number of feeding stuffs are re- 
presented, and in Fig. 15 the total digestible nutrients are plotted 
against the price per maund of various feeding stuffs. 

Suppose we wish to compare gram at Rs. 3 per maund with 
rawan {Dolichos lahlah) at Rs. 2-12 per maund. The total 
digestible nutrients in 100 lb. of gram and rawan are 80 lb. and 
63 lb. respectively. It will be seen that curve ‘A’ strikes the 
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•Bo lb. total digestible nutrients line at a point represented by 
Rs, 3 on the total digestible nutrient price curve, and the 63 lb. 
total digestible nutrients line at Rs. 2-6. This means that if 
1 awan can be bought at Rs, 2-6 a maund, we will be getting a 
protein rich concentrate of similar food and cash value as gram 
at Rs. 3 a maund. In other words it is uneconomical to pay 
more than Rs. 2-6 a maund for rawan. Other foodstuffs can 
,be compared on precisely similar lines. 

i\b) When protein-rich feeding stuffs cost more than carbonaceous ones. 

Wm. Petersen of the Division of Dairy Husbandry, Univer- 
'sity of Minnesota, U.S.A., has described a method for arriving 
at the respective costs of the protein, the non-protein, and the 
total digestible nutrients in a ration, but only applicable when 
protein rich feeding stuffs are more expensive than carbonaceous 
ones. The method is satisfactory, but may be found a little too 
cumbersome for the average farmer in India. Petersen takes 
the two cheapest American sources of protein and total diges- 
tible nutrients respectively, namely, cottonseed meal and corn 
(maize) as the two basal feeding stuffs from which calculations 
for other feeding stuffs may be made. 

The following example as given by Petersen [1932] illustrates 
how this method may be applied: — 

“One hundred pounds of 43 per cent protein cottonseed 
meal contains 37.6 lb. digestible protein and 42.6 lb. of non- 
protein digestible nutrients. Fifty-seven and twenty-four 
hundredth pounds No. 2 corn contains 42.6 lb. non-protein 
total digestible nutrients and 4.1 lb. digestible protein. There- 
fore 57.24 lb. corn can be subtracted from 100 lb. cottonseed 
meal leaving 33.5 lb. digestible protein. It is reasonable to 
ascribe any difference in cost between 100 lb. cottonseed meal 
.and 57.24 lb. corn to the 33.5 lb. digestible protein, and by 
•simple division arrive at the value of 1 lb. of digestible protein. 
To find the value of the non-protein total digestible nu- 
trients, credit either feed with its protein value and the difference 
from the cost of the feed is charged to the non-protein 
.digestible nutrients. 
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The formula for determining the cost for a pound of protein" 
is: 

Cost of TO O pounds cottonseed meal —.5724 (cost of 100 pounds com) ' 

^ 33-5 

Example: Substituting with cottonseed meal at $50.00 per 
ton and corn at $2.5.00 per ton. 

^2.50 - (.5724 ^ $1-25) =5.328 cents 
33*5 

The value of a pound of non-protein digestible nutrients may 
be arrived at by the following formula: 

C ost of 57.24 pounds c om - (value of protein x 4. i ) 

42.6 

Again substituting with com at $1.25 per hundredweight 
and protein at 5.328 cents per pound: 

1.25x57.24- (4.1x5.328) 

42.6 

or 1.167 cents per pound. 

Should some other feeds be a cheaper source of either protein- 
or non-protein nutrient such feeds may be used to establish the 
value of either protein or non-protein nutrients. This, however, 
is seldom necessary as by using corn and cottonseed meal as base 
feeds other cheaper feeds would be indicated, as selling for less 
than their value on the basis of com and cottonseed meal. 

By applying these values to the digestible protein and non- 
protein digestible nutrients of other feeds their values are arrived 
at. It is apparent that foi a given feed both cottonseed meal 
and corn exert a definite influence on its value and therefore 
constants can be determined for each feed which when applied 
to the prices of cottonseed meal and com should give the correct 
value of the feed. 

By calculating the values of a feed with corn constant and 
cottonseed meal at two different values a constant can be deter- 
mined by which cottonseed meal may be multiplied to indicate 
the influence upon the price of the feed. Likewise constants may 
be determined for corn. 

Example : — Using previous formulae oats have a value of 
$19.61 per ton when cottonseed meal is $40.00 and corn $20.00 
per ton, and $18.45 per ton when com is $20.00 and cotton- 
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seed meal $ 30.00 per ton. Therefore a $10.00 increase in 
cottonseed meal increases the value of oats $1.16. 

Keeping the price of cottonseed meal constant and increasing 
the price of corn we find that a $10.00 increase in price of corn 
increases the value of oats $7.49. For any price therefore the 
value of oats = .116 x price of cottonseed meal + .749 x price of 
corn. 

It is impossible to formulate a method which is applicable 
in all circumstances, irrespective of what the market price of a 
particular feeding stuff may be. Each method has its draw- 
backs, but method No. 2 (a) appears to form a simple and 
reliable means for ascertaining the approximate price limits, 
within which it would be economical to interchange protein foods 
among themselves, or similarly with carbonaceous ones. The 
farmer must accordingly exercise his ingenuity and experience in 
deciding which feeding stuff d to use, at the least cost, and with 
maximum efficiency. 
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APPENDIX I 


The analytical data relating to feeding stuffs grown in India is, as men- 
tioned in the context, not complete. In compiling the following table all the 
analytical data which have been obtained at Lyallpur have been included, 
and also as many as are available from other provinces in India. In order 
to make the table more complete for reference and the compilation of rations, 
a number of analyses gi\'en by Morrison in his Feeds and Feeding ” have 
been included. Hitherto, owing to the gaps in our knowledge of the composi- 
tion of Indian feeding stuffs, rations have in many cases been computed from 
foreign data. As described earlier in the book, there is considerable variation 
in the composition of similar feeding stuffs, not only in different years in the 
same locality, but also in the same year in different localities, according to 
soil conditions and climatic and other factors. Considerable variations in 
composition jalso occur according to the stage of growth, and wherever possible, 
in the case of growing crops, the stage at which the samples were taken has 
been indicated. 


( I ) 




CHEMICAL COMPOSITION AND DIGESTIBLE l^UTRIENTS. 

1. GREEN ROUGHAGES, ROOTS AND SILAGE. 


Chemica l composit ion. [Mineral co nstituents. ! Diges ti bility c o-efficients. 


Feeding stuff. 

u 

V 

s 

t 

Pi 

% 

^ Mineral matter. 

Pa< 

/o 

Crude fibre. 

Protein. 

Nitrogen free 

® ' extract. 

Calcium as CaO 

Vi 

5 es 
^0 

o 

Ph 

% 

pC 

2 M 

1 

0 

0 

.S 

*c 

p 

fs 


f 

Crude filjre. 

i 

Nitrogen free 
extract. | 

Digestible protein 

Total digestible 
nutrients. 

« 

1) 

1: 

^Mfalfa, green (Lucerne) 

25.4 

2.4 

1.0 

7.0 

4.6 

10.4 

0.56 

0.14 

0.69 

74 

38 

42 

72 

3.4 

14.7 

3.3 

Bajra (Cumbu), (dough stage) 

21.6 

2.4 

0.3 

6.9 

1.5 

10.6 

0.15 

0.07 

0.73 

62 

67 

60 

69 

0.9 

12.8 

12.9 

Barley 

22.6 

2.1 

0.8 

5.6 

3.3 

10.8 

0.10 

0.18 

0.42 

71 

56 

59 

72 

2.3 

14.4 

5.3 

Barley, (milk stage) 

22.0 

2.7 

0.4 

7.4 

2.4 

9.2 

0.17 

0.11 

0.90 








Beet leaves, (sugar) 

11.6 

1.8 

0.3 

1.1 

1.9 

6.5 

0.36 

0.11 

0.96 





i.4 

7,7 

4.5 

Beet tops, (sugar) 

11.4 

2.0 

0.3 

1.2 

2.6 

5.3 

0.21 

0.09 

0,64 

74 

55 

70 

80 

1.9 

7.4 

2.9 

Beet roots, common 

13.0 

1.5 

0.1 

0.9 

1.6 

8.9 

0.04 

0.09 

0,51 

. . 




1.2 

10.2 

7.5 

Beet roots, (sugar) 

16.4 

1.1 

0.1 

1.0 

1.6 

12.6 

0.04 

0.09 

0.33 

72 


34 

97 

1.2 

13.8 

10.5 

Berseem . 

18.4 

2.9 

0.6 

3.8 

2.5 

8.6 




73 

52 

57 

74 

1.8 

11.1 

5.2 

Berseem 

16.2 

3.3 

0.4 

4.2 

2.5 

5.8 

0.38 

0.12 

0.77 





2.5 

10-9 

3.8 

Berseem 

18.4 

2.4 


4.3 

3.2 












Berseem, (third cutting) 

15.1 

2.2 

6.4 

2.9 

2.8 

6.6 

0.40 

0.07 

0.72 

81 

50 

60 

80 

2.2 

10.0 

:l4 

Cabbage, entire 

9.4 

0.9 

0.3 

1.0 

2.2 

5.0 

0.08 

0.07 

0.29 

86 

70 

91 

96 

1.9 

8.1 

3.3 

Cabbage, head, without outer 
leaves. 

9.7 

7.8 

0,1 

0.9 

1.8 

6.1 

0.07 

0.07 

0.30 

77 

43 

100 

100 

1.4 

9.4 

5.7 

Cabbage, outer leaves 

15.8 

3.0 

0.4 

2.7 

2.6 

7,1 




64 

37 

78 

84 

1.7 

10.1 

4.9 

Cactus, prickly pear 

16.6 

3.4 

0.3 

2.3 

0.8 

9.8 


0.07 

0’.43 

50 

68 

47 

81 

0.4 

9.9 

23.8 

Clover 

22.2 

2.3 

0.6 

5.8 

3.8 

9.7 

0.48 

0.11 

0.67 





2.4 

13.2 

4.5 

Carrots 

11.9 

1.2 

0.2 

1.1 

1.2 

8.2 

0.08 

0.14 

0.48 

68 

40 

94 

92 

0.8 

9.6 

il.O 

Cowpeas 

16.3 

2.0 

0.5 

3.8 

3.0 

7.0 

0.28 

0.14 

0.31 

76 

59 

60 

81 

2.3 

10.9 

3.7 

Cowpeas 

26.7 

2.9 

0.7 

8.8 

4.6 

9.7 

0.52 

0.20 

0,49 

, . 






■ . 

Gram, (milk stage) 

36.8 

4.2 

0.7 

12.5 

4,4 

15.0 

0.89 

0.22 

1.36 

, . 






. , 

Guara, (milk stage) 

19.2 

3.3 

0.4 

4.4 

3.1 

8.1 

0.61 

0.07 

0.49 

77 

39 

26 

70 

2A 

12.0 

3.1 

Juar (Cholam), (milk stage). 

33.0 

2.9 

0.5 

11.5 

• 1.1 

17.0 

0.22 

0.09 

0.80 


. . 





. . 

Juar (Cholam) 

30.8 

2.9 

0.7 

10.8 

2.8 

13.6 

0.16 

0.18 

0,83 



. . 




- . 

Lobia, (dough stage) 

24.1 

3.5 

0.9 

4.8 

4.4 

10.5 

0.71 

0.17 

0.79 



. . 

, - 



, , 

Lucerne 

30.5 

3.6 

0.9 

10.7 

7.9 

' 7.4 

, , 

, . 





. , 



. . 

Lucerne 

32.1 

4.7 

0.9 

7.3 

6.9 

12.3 


. . 

. . 

. . 

... 

. . 




. . 

Lucerne (third cutting) 

29.4 

4.5 

0.7 

6.6 

7.4 

10.2 

0’.60 

0.24 

1.39 








Maize ' ' 

24.0 

1.3 

0.6 

5.6 

2.0 

14.5 

0.08 

0.11 

0.45 

59 

74 

63 

73 

V.2 

16.3 

12.6 

Maize, (milk stage) 

Maize 

20.5 

1.8 

0.3 

5.3 

1.6 

11.5 

0.12 

0.11 

0.26 

61 

65 

70 

76 

1,0 

14.0 

13.0 

17.3 

1.4 

0.4 

0.6 

1.2 

7.7 

0.13 

0.11 

0.28 

. . 







Maize ears, inelpding husk . . 

37.8 

0.9 

2.6 

4.3 

3.8 

26.2 


. . 


. . 




2^4 

29.5 

ii.3 

Maiz^ (kernels ripe) 

37.7 

1.7 

1.0 

7.8 

3.0 

24.2 


, . 


58 

78 

62 

73 

1.7 

26.0 

14.3 

Maize leav^ and tops 

15.9 

1.2 

0.6 

4.4 

1.9 

7.8 


o!67 

0*.43 

70 


78 

n 

i.2 

10.4 

7.7 

roots 

9-4 

• i.a 

0.1 

6.8 

1.4 

6.1 

o!6i 


I.O 

7.3 

6.3 

Mpth, (dough stage) 

25.0 

3.9 

0.4 

7.7 

3.0 

10.0 

0.90 

0.16 

0.95 

. . 





.. 


Methi, (flowing stage) 

22.7 

2.0 

0-5 

74 

3.6 

9.5 

0.47 

0.12 

0.63 

.. 


t • 



1 ♦ 



( “ ) 


Reference 

for 

analysis. 


Morrison. 
Lyallpur. 
\iorrisan. 
L% aiipur. 
Morrison. 
Morrison. 
Morrison. 
Morrison. 
Morrison. 
Bihar. 

C. ProviiK 
Lyallpur. 
\torrison. 
Mt^rrison. 

Moriison. 

Morrison. 

Morrison. 

Morrison. 

Morrison. 

Bihar. 

Lyallpur. 

Lyallpur. 

Lyallpur, 

Ifaiigaiore. 

Lyallpur. 

Bangalore, 

Bihar. 

Lyallpur. 

.\forrison. 

Lyallpur, 

Bihar. 

Jwforrison. 

Morrison, 

Motrimn. 

Morrison, 

Lyallpur. 

Ly^llpr. 




APPENDIX I 


CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

1. GRBSN roughages, roots AfiD SILAGE— (Contd.) 


Feeding stuff. 


Oats 

Oats, (milk Stage) 

Peas 

Peas, (dough stage) 

Potatoes, tubers 
Rape 

8 arson, 1 flowering stage j 
Salt bushes 
Senji, (pre-flowering stage) 
Shaftal, (third cutting) 
Soybeans 
Soybeans 

Soybeans in bloom 
Sugarcane 
Sugarcane, (Katha) 

Sugarcane tops 
Sugarcane tops 
Sunflower, (pre-flowering stage) 
Sweet potatoes, tubers 
Shisham leaves 
Teosinte 
Teosinte 
Turnips 
Turnip tops 

Velvet beam, (dough stage) 
Velvet beans 
Wheat 

Wheat, (dough stage) 

Water Hyacinth 
Grassii. 

Anjan or Kollokattai, sown in 
August. 19^2, at Lyallpur 
1st cutting (23-3-1933). 

3rd cutting (23-5-1933). 

4th cutting (23-6-1933). 

5th cutting (24-7-1933). 

6th cutting (31-8-1933). 

7th cutting (2-10-1933). 



Chemical composition. 


Mineral constituents. 

Digestibility 

co-efficients. 




1 

Dry matter. , 

1 

Mineial matter. 

«s 

0/ 

/o 

6 

u 

XJ 

tc 

u 

TJ 

3 

o 

% 

^ Protein. | 

Nitrogen free | 

extract. 

Calcium as CaO 

to 

C8 

CA 

3 lo 

30 

O 

£ 

% 

io 

•ffi « 

% 

Protein. 

Fat. 

Crude fibre. 

Nitrogen free 

extract. 

j ^ Digestible proteii 

^ Total digestible 
® nutrients. 

^ Nutritive ratio. 

25.4 

2.1 

1.1 

7.5 

3.2 

11.5 

0,17 

0.23 

0.86 

73 

70 

55 

63 

2.3 

15.4 

5.7 

16.2 

1.8 

0.4 

4.3 

1.6 

8.1 

0.17 

0.19 

1.14 

72 

50 

76 

79 

1.2 

11.4 

8.5 

16.6 

1.6 

0.5 

4.0 

3.6 

6.9 

0.39 

0.14 

0 34 

81 

54 

49 

74 

2.9 

10.6 

2.7 

23.9 

0.9 

0.6 

5.4 

4.0 

13.0 

0.39 

0.14 

0.22 








21.2 

1.1 

0,1 

0.4 

2.2 

17.4 

0.01 

0.11 

0.54 

51 



90 

IT 

1L3 

14.7 

16.4 

2.2 

0.6 

2.6 

2.9 

8.1 

0.48 

0.16 

0.45 

89 

49 

87 

92 

2.6 

13.0 

4.0 

12.9 

2.4 

0.4 

2.6 

1.4 

6.1 

0,45 

0.10 

0.36 





. , 



24.3 

5.1 

0.3 

4.2 

3.9 

10.8 








2.9 

9!8 

2!4 

21.6 

2.8 

0.4 

6.4 

3.3 

8.7 

o!31 

o!69 

o’. 76 

82 

43 

58 

76 

2.7 

14. 4<^ 

4.3 

14.5 

1.9 

0.3 

2.3 

3.1 

6.8 

0.36 

0.08 

0.58 






. . 


25.3 

2.4 

0.6 

6 0 

3.2 

13.1 

0.47 

0.14 

0.59 




. . 

. . 

. . 

• f 

24.4 

2.3 

1.1 

6.7 

4.2 

10.1 

0.41 

0.20 

0.35 

77 

53 

47 

75 

3.2 

15.1 

3.7 

20.6 

2.3 

0.6 

5.8 

3.9 

8.2 




77 

50 

45 

71 

3.0 

12.2 

3.1 

21.7 

1.4 

1.0 

1.2 

0.9 

12.0 


o!69 

o!45 





0.5 

15.1 

29.2 

40.7 

3.0 

0.6 

12.9 

0.5 

23.7 




. , 

61 

58 

66 


23.7 


28.5 

2.1 

0.4 

8.9 

1.5 

15.6 








6.8 

18.7 

22A 

35.1 

2.9 

0.5 

12.4 

1.3 

18.0 




49 

32 

62 

64 

0.6 

19.3 

31.4 

20.9 

3.2 

0.7 

5.0 

2.5 

9.5 


o.ii 

olk 

72 

44 

20 

79 

1.8 

10.7 

4.8 

31.5 

1.2 

0.4 

1.9 

1.6 

26.4 

0,04 

0.14 

0.46 


, , 


• . 

0.8 

26.7 

33.4 

26.9 

1.4 

0.2 

2,0 

1.2 

22.1 

, . 



. , 




. . 


. . 

32.0 

3.5 

0.4 

10,3 

1.4 

16,4 

0.34 

o.’ia 

o!72 








21.3 

2.0 

0.5 

6.7 

1.7 

10.4 


0.09 

0.25 

, . 




i'.o 

13‘.7 

12’7 

9.5 

0.9 

0.2 

1.1 

1.4 

5.9 

o’.os 

0.09 

0.45 

90 

88 

l66 

97 

1.3 

8.5' 

“ 5.5 

15.0 

3.0 

0.4 

1.5 

2.8 

7.3 

0.55 

0.18 

0.55 

79 

65 

86 

93 

2.2 

10.9 

4.0 

24.0 

3.6 

0.5 

4.6 

3.6 

11.7 

0.98 

0.18 

0.69 

70 

64 

59 

79 

2.5 

17.2 

5.0 

17.9 

2.0 

0.7 

5.1 

3.5 

6.6 


0.14 

0.45 

73 

81 

60 

82 

2.6 

12.3 

3.7 

26.0 

2.6 

0.7 

7.0 

3.6 

12.1 

o!io 

0.20 

0.72 



» , 


2.6 

15.2 

4.8 

28.4 

2.8 

0.4 

9.4 

2.3 

13 5 

0.12 

0.11 

0.94 








20,7 

3.2 

0.3 

4.8 

1.3 

11 I 






J 





23 8 

3.4 

0,5 

7.0 

2-6 

10.3 

0.20 

0.13 

1.02 








'33.7 

6.9 

0.7 

10.0 

2.3 

13.8 

0.33 

0.28 

0.80 








25.5 

5.3 

0.5 

7.4 

2.0 

10.3 

0.29 

0.24 

1.05 








25.3 

4.4 

0.5 

7.3 

2.2 

10.5 

0.28 

0.21 

0.99 








27.6 

5.2 

0.6 

8.3 

2.2 

11.3 

0.23 

0.20 

0.96 








24.6 

4.3 

0.4 

7.2 

1,7 

11.0 

0.22 

( 

0.24 

IV 

0.61 

) 


■' - 







Referent e 
for 

analysis. 


Morrison. 

Lyallpur. 

Morrison. 

Lyallpur. 

Morrison. 

Mprrison. 

Lyallpur. 

Morrison. 

Lyallpur. 

Lyallpur. • 

Bihar. 

Morri>on. 

Morrison. 

Morrison. 

Lyallpur. 

Morrison. 

Lyallpur. 

Lyallpur. 

Morrison, 

Lyallpur. 

Bihar. 

Morrison, 

Morrison. 

Morrison. 

Lyallpur. 

Morrison, 

Morrison. 

Lyallpur. 

Bengal. 


Lyallpur, 

Lyallpur, 

Lyallpur. 

Lyallpur. 

Lyallpur. 

Lyallpur. 



appendix I 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

L GREEN ROUGHAGES, ROOTS AND SILAGE— {Contd.) 


Feeding stuff. 


e 

5k 

& 

0 / 

/o 


Chemical composition. 


IMineral constituents. > Digestibility co-efficients. 




% % 


d 


free 

0 

rt 

Q 

0} 

C3 

01 

CA 

c« 



si 

free 

<0 

a 

0. 

JJ 

3 

1 S 

ratio. 


& 

qU 

(U 

-0 

3 

.s 

o 

trogen 

extract 

S 

.3 

3 

Cu « 
gd. 

so 

53 ca 

*4-» 

.3 

*3 

o 


tc 

<u 

-0 

3 

trogen 

extract 

S 

3 

01 

CD 

bf) 

S) c 

.y CD 
-0*2 

43 

.2: 

*s 

Reference 

for 

analysis. 

o 

£ 


13 

O 


fS 

fl4 

c3 

S~i 

o 


Q 

e2 

:! 


% 

% 

% 

0/ 

/o 

% 

% 





% 

% 

1: 



Ghhimber, sown in August, 
1932 at Lyallpur ; — 


ht cutting, (28-3-1933). 

28.0 

3.2 

0.4 

8.6 

4.2 

11.9 

0.26 

2nd cutting, (23-4-1933). 

36.5 

5.1 

0.6 

12.8 

4.4 

13.6 

0.41 

3rd cutting, (23-5-1933). 

26.9 

4.6 

0.6 

12.9 

4.3 

14.5 

0.40 

4th cutting, (23-6-1933). 

37.4 

4.2 

0.7 

13.8 

3.7 

15.0 

0.33 

6th cutting, (31-8-1933). 

33.0 

4.4 

0.4 

11.3 

3.3 

13.6 

0.26 

7 th cutting, (2-10-1933). 

37.5 

4.7 

0.7 

12.5 

3.8 

15.8 

0.33 

Dub or Dhub, sown in August, 








1932, at Lyallpur : — 








1st cutting, (2^3-1933). 

37.7 

3,8 

0.6 

9.1 

4.8 

19.4 

0.29 

2nd cutting, (27-4-1933). 

42.7 

5.0 

0.8 

10.0 

3.8 

22.6 

0.33 

3rd cutting, (25-5-1933) . 

51.2 

5.7 

1.0 

13.2 

3«8 

27.5 

0.47 

4th cutting, (27-6-1933). 

48,7 

5.9 

0-9 

12.1 

3.7 

26.1 

0.48 

5th cutting, (27-7-1933). 

49.2 

5.2 

0.9 

12.5 

4.7 

25.9 

0.43 

6th cutting, (28-8-1933). 

32.0 

4.0 

0.6 

8.3 

3.6 

15.5 

0.29 

7th cutting, (29-9-1933). 

33.2 

4.1 

0.7 

8.8 

3.8 

15.8 

0.32 

8th cutting, (30-10-1933), 

44.8 

5.7 

0.9 

11.9 

5.1 

21.2 

0.49 

Dub or Dhub 

35.5 

4.4 



4.0 


0.26 

Dub or Dhub 

37.6 

4.0 



2.9 


0.34 

Makra or Madhana, (milk 

37.9 

4.7 

6!5 

1L8 

2.7 

17’2 

0.34 

stage) 








Guinea, (4th cutting) 

25.1 

3.1 

0.4 

9.1 

1.3 

11.2 

0.19 

Guinea 

28.5 

2,6 

0.7 

10.9 

2.2 

12.1 

. . 

Guinea 

26.4 

3.3 

0.2 

11.1 

1.3 

10.5 

0.14 

Guinea 

24.3 

3.4 

0.4 

7.9 

1.9 

10.7 

0.30 

Napier, (2nd cutting) 

22.2 

3.1 

0.5 

7.4 

1,0 

10.2 

0.17 

Napier , , 

23.8 

4.0 

0.5 

7.6 

1.3 

10.5 

0.11 

Napier 

24.1 

2.2 

0.3 

9,1 

2.5 

10.0 

•• 

Pal wan, sown in August, 1932 








at Lyallpur : — 








1st cutting, (23-3-1933). 

24.2 

2,5 

0.3 

7.9 

3.0 

10.5 

0.21 

2nd cutting, (24-4-1933). 

25.0 

2.5 

0.4 

8.0 

3.0 

11,0 

0.16 

3rd cutting, (23-5-1933). 

28.8 

3.1 

0,6 

9.5 

2.6 

13.0 

0.25 

4th cutting, (23-6-1933). 

29.6 

2.9 

0.5 

9.2 

2.4 

14.6 

0.25 


( 


0.47 

0.17 








Lyallpur. 

0.46 

0.19 








L}'allpur. 

0.56 

0.23 








Lyallpur. 

0.58 

0.16 


* * 






Lyallpur. 

0.46 

0.19 








Lyallpur. , 

0.36 

0.28 








Lyallpur. 

0.26 

0.53 








Lyallpur. 

0.27 

0.77 





• # 



Lyallpur, 

0.37 

1.02 





. . 



Lyallpur. 

0.24 

0.85 








Lyallpur. 

0.27 

1.15 








Lyallpur. 

0.21 

0.90 








Lyallpur. 

0.16 

0.67 








Lyallpur. 

0.26 

0.31 








Lyallpur. 

0.19 

0.85 








Bangalore. 

0.17 

1.04 








Bihar, 

0.19 

1.42 





.. 



Lyallpur. 

0.16 

0.81 

59 

42 

58 

60 

0.8 

1.1 

13.2 

16.0 

15.3 

13.5 

Lyallpur. 

Morrison. 

o.io 

o!68 

35 

43 

ei 

52 

0.8 

9.1 

10. 1 

Bangalore. 

0.13 

0.35 





1,2 

10.0 

10.1 

Bengal. 

0.16 

0.97 

62 

69 

63 

65 

0.6 

12.7 

20.1 

Lyallpur. 

0.19 

1.14 





A ^ 



Bengal. 





.. 


1.4 

15,0 

9*7 

Morrison. 

0.14 

0.44 








Lyallpur. 

0.37 

0.77 

0.19 

0.17 

•• 

.. 


•• 

.. 



Lyallpur. 

Lyallpur. 

0.84 
V ] 

0.15 

1 





. . 

. . 


Lyallpur. 





Feeding stulT. 


5th cutting, (24-7-1933). 

6th cutting, (31-8-1933). 

7th cutting, (2-10-1933). 

Sudan, sown in May, 1933 
at Lyallpur : — 

1st cutting (9-8-1933) 

2nd cutting, (4-9-1933), 

3rd cutting, (4-10-1933). 

4th cutting, (4-11-1933). 

5th cutting, (4-12-1933). 
Sudan 

Mixed grasses, immature. 
Mixed grasses, at hay stage. 
Pasture grasses, mixed, before 
flowering. 

Pasture grasses and clovers. 

Rhodes 

Rye, Italian 

Rye, perennial 

Vetch, common 

Sihg^.- 

Alfalla, (lucerne) 

Barley 

Berseem 

Clover red .. 

Gowpeas ^ . ' • . . 

Guara and \Yli^J^t-rbhu.sa , 
Horse beans ■ 

Juar or Cholarn, (cut at dough 
stage). 

Maize 

Maize, (cut at milk stage) 
Millet' ' ■ 

Oats 

Oats, (cut at milk stage) 

Peas 


’ " Appendix i 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 
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Peas 

Ragi 

Ragi 

Rice 
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Rice 
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Wheat bhusa 
Gram bhusa 
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36 

26 

64 

52 

1.4 

45.9 

31. B 

Lyallpur. 

89.9 

9.9 

0.8 

34.7 

2.6 

41.9 

0.53 

0.30 

0.74 

8 

34 



0.2 

23.0 

172 4 

U. P. 

93.3 

6.9 

1.8 

41.0 

3.4 

40.3 

0.79 

0.09 

0.71 

16 

37 

61 

45 

0.5 

45.1 

89. 2 

Lyallpur. 

92.5 

10.7 

1.1 

34.7 

2.1 

43.9 

0.58 

0.06 

0.49 

2 

43 

57 

50 

0 1 

27.8 

a 

Nladras. 

91.5 

7.5 

1.5 

35.1 

3.7 

43.7 

0.73 

0.12 

0.70 

21 

48 

65 

40 

0 8 

42.7 

53.4 

Lyallpur. 

90.8 

9.2 

0.9 

35,1 

4.4 

41.2 

0.49 

0.39 

1.67 

40 

29 

55 

50 

1 B 

42.3 

23.0 

Lyallpur 

90.0 

6.0 

1.6 

37.7 

3.7 

41.0 

0.45 

0.20 

1.52 

25 

39 

54 

53 

0.9 

44.5 

48.4 

Morrison. 

89.6 

6.0 

2.3 

36.1 

4.0 

41.2 

0.50 

0.30 

2.00 

22 

33 

59 

49 

0.9 

44.1 

48 0 

Morrison. 

90.2 

5.4 

1.6 

33.1 

6.1 

44.0 

2.21 

0.23 

1.30 

53 

56 

53 

66 

3.2 

51.8 

15.2 

Morrison, 

92.5 

7.5 

0.9 

33.2 

3 4 

47.5 

1.03 

0.15 

1.38 

6 

41 

69 

58 

0.2 

39.0 243.5 

Bangalore. 

87.6 

9.7 

1.5 

24.3 

2.8 

49,3 











Coimbatm 

93.8 

15.5 

0.8 

34.2 

2.3 

41.0 

0.*38 

0.23 

2*1*7 

* • 

47 

61 

42 

- . 

39^0 


Lyallpur. 

93.0 

7.5 

•0.9 

33.4 

3.4 

47.8 

0.47 

0.14 

1.52 


35 

72 

53 

0.2 

39.0 243,5 

Bangalore 

90,0 

12.8 

0.9 

30.3 

2.9 

43.1 

0.64 

0.11 

1.60 

* 9 

43 

62 

46 

0.3 

27.6 

154 4 

Bengal. 

92.5 

14.5 

1.4 

33.5 

3.9 

39.2 

0.27 

0.16 

1.47 

22 

23 

59 

46 

0 9 

39 4 

42 .8 

Morrihon. 

92.0 

8.2 

1.5 

35.7 

3.8 

42.8 

0.31 

0.16 

0.96 

20 

55 

40 

46 

0.8 

35.7 

43.6 

Morrison. 

92.4 

12.9 

1.0 

36.6 

2.2 

39.7 

0.39 

0.47 

1.16 


33 

62 

55 


45.0 


Lyallpur. 

90.6 

9.5 

0.6 

40.4 

4.9 

35.2 

1.43 

0.20 


*45 

21 

41 

49 

2*2 

34.0 

14.5 

Lyallpur. 


* Punjab hills (see Chapter VII) 
( IX ) 




APPENDIX I 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

3, CONCENTRATES, 


Feeding stuff. 


Chemical composition. 


cs 


Si 

s: 


T3 

3 


% % % % % % 


[Mineral constituents. 


C3 O 


9 

Q 


O 


3 

Vh 

O us 

■§.o 

OpL, 


% % 


•iO 




Digestibility co-eflScients. 


KJ 


..o 

US 


xi 

=3 


a o 


o ^ 


2 

a, 


bo 

Q 


.spS 

iS ^ 
o 
H 


% % 


3 

:z: 


Arhar 

91.6 

6.7 

1.8 


18.8 

64.3* 

0.28 

0.78 

0.48 

70 

50 


81* 

13.2 

67.7 

4,2 

Bajra 

90.0 

3.0 

4.6 


9.8 

72.6* 0.14 

0.93 

0.55 

47 

55 


61* 

4.6 

54.3 

10.7 

Barley 

91.9 

2.5 

2.7 

6.3 

9.3 

71.1 

0.23 

0.78 

0.51 

72 

91 


76* 

6.7 

70.8 

9.7 

Barley 

90.9 

4.1 

1.5 

4.8 

8.6 

71.9 








7.3 

74.8 

10.6 

Barley 

90.4 

2.9 

2.0 

5.7 

11.8 

68.0 

o]67 

o!87 

o!63 

79 

80 

56 

92 

9.3 

78.7 

7.5 

Barley Malt 

93.4 

2.3 

2.1 

5.4 

12.7 

70.9 

0.08 

0.96 

0.45 





10.0 

82.1 

7.2 

Barley screenings 

88.6 

4.2 

2.8 

9.5 

11.5 

60.6 








8.1 

60.8 

6.5 

Beans (Phaseolus angularis) 

86.0 

3.6 

0.7 

4.0 

21.0 

56.7 








12.4 

62.0 

4.0 

Beet pulp, dried 

92.0 

3.5 

0.8 

18.8 

9.0 

59.9 

0.‘68 

0.’67 

o!i8 

53 


8i 

85 

4.8 

71.8 

14.0 

Beet pulp, wet, 

11.6 

0.5 

0.3 

3.9 

1.5 

5.4 

0.09 

0.01 

0.02 





0.8 

8.9 

10.1 

Blood meal or dried blood 

91.2 

3.8 

1.2 

1.3 

‘82.2 

2.7 

0.33 

0.26 

0.09 

*86 

ioo 



70.7 

75.9 

0.1 

Bone meal, steamed 

96.4 

81.3 

3.3 

0 8 

7.1 

3.9 32.61 

15.17 

0.18 








Bone meal, raw 

95.0 

61.6 

2.9 

0.8 

25.8 

2.9 23.00 

10.00 









Bone flour, or precipitated bone 

97.5 

83.0 

2.6 


7.3 

4.6 26.85 

17.16 

0*08 








Brewers’ grains, dried 

92.8 

3.7 

6.7 

14.8 

25.6 

42.0 

0.25 

0.47 

0.05 

*81 

*89 

49 

57 

20*7 

65*3 

2*2 

Brewers’ grains, wet 

23.9 

1.0 

1.7 

3.6 

5.7 

11.9 

0.07 

0.12 

0.01 





4.6 

16.6 

2,6 

Butter milk 

9.4 

0.8 

0.6 


3.5 

4.5 

0.18 

0.10 

0.15 





3.3 

9.1 

1.8 

Babul pods 

80.0 

4.4 

0.6 

9.9 

12.6 

52.5 











Babul seeds (crushed) 

93.0 

6.8 

3 1 

13.8 

13.6 

55.7 











Cocoa meal 

96.0 

5.8 

17.0 

5.1 

24.3 

43.7 




37 

*89 


40 

9*6 

6o!7 

5N 

Cocoanut meal (whole pressed) 

91.7 

6.0 

11.6 

11.5 

20.0 

42.6 








18.0 

86.1 

3.8 

Cotton seed 

92.7 

3.5 

23.0 

16.9 

23.0 

26.3 


0*55 

0.’95 

*74 

*92 

64 

59 

17.0 

91.0 

4.4 

Cotton seed, Desi 

93.2 

4.7 

17.6 

21.7 

14.4 

34.8 

0,44 

1.20 

1.01 

56 

89 

66 

51 

8.0 

73.0 

8.6 

Cotton seed, 289 F, American 

93.7 

5.0 

18.8 

26.2 

18.1 

25.6 

0,34 

1.25 

0.97 

64 

88 

52 

47 

11.5 

74.3 

5.6 

Cotton seed, 285 F. American 

95.6 

4.0 

18.8 

26,0 

18.1 

28.7 

0.34 

1.30 

1.03 

68 

92 

68 

65 

12.2 

82.9 

6.6 

Cotton seed, 43 F, American 

89.5 

3.7 

17.7 

25.5 

15.6 

27.0 

0.33 

1.29 

1.06 

88 

89 

80 

87 

13.7 

80.8 

6.2 

Cotton seed, 4 F. American 

93.3 

4.6 

20.7 

21.0 

17.5 

29.5 

0.40 

1.33 

0.94 

60 

88 

49 

30 

10.5 

70.6 

5.3 

Cotton seed, (4 F.) cake, 

92.5 

6.0 

8.5 

22.3 

21.1 

34.6 

0.25 

1.20 

1.50 

85 

98 

74 

59 

18.0 

72.5 

3.1 

(undecorticated). 

















Cotton seed, (4F.) cake, 

94.3 

7.7 

8.7 

5.9 

36.3 

35.7 

0.30 

1.40 

1.63 

80 

82 

46 

42 

29,1 

63.8 

1.1 

Cotton seed, whole pressed . . 

94.7 

4.4 

6.3 

23.8 

28.5 

31.7 




81 

96 

48 

72 

23.1 

70.9 

2.1 

Cowpeas 

88.6 

3.5 

1.5 

4.1 

23.6 

55.9 

0.14 

i.’oo 

1.’75 

82 

74 

64 

93 

19.4 

76.5 

2.9 

Distillers’ maize grains (dried) 

93.6 

2.9 

10.6 

10.8 

30.6 

38.7 

0.07 

0.71 

0.16 

73 

97 

83 

79 

22.3 

85.0 

2,8 

Distillers" mixed grams (dried) 93.8 

1.9 

9.0 

12.2 

23.1 

47.6 








15.0 

75.6 

4.0 

Distillers grams, (wet) 

22,4 

0.7 

1.5 

2.5 

4,4 

13.3 

o!6i 

o'.ie 

o!64 





2.9 

17.2 

4.9 

Distillery slop 

6.2 

0.3 

0.6 

0.5 

1.9 

2.9 








1.2 

4.9 

3.1 

Fish meal 

92.3 

20.7 

7.9 

0.9 

58.7 

4.1 

7**52 

6*82 


*81 

*99 


• • 

47.5 

67.6 

0.4 


( X ) 



APPENDIX I 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

3, CONCENTRATES, 


Feeding stuff. 


Chemical composition. 


% % 


% 


Si 

v: 

'V 

T3 

3 


{3 Q 
£ 


% % % 


[ Mineral constituents. ] Digestibility co-efficients . 

/-S so to 

ci 

Q 


a 

.2 

*o 

O 


O US 

■§.0 

to ej 

oci< 

£ 


•io 

W (N 

Ph 


kJ 


..Q 

UP 


-xs 

^3 


% % 


C! O 

S) 2 

h i 


o ^ 


£ 

a 


bo 

3 

■% 


T5*C 


:3 

1 : 


Reference 

for 

analysis. 


Arhar 

91.6 

6.7 

1.8 


18.8 

64.3* 

0.28 

0.78 

0.48 

70 

50 


81* 

13.2 

67.7 

4.2 

Lyallpur, 

Bajra 

90.0 

3.0 

4.6 


9.8 

72.6* 

0.14 

0.93 

0.55 

47 

55 


61* 

4.6 

54.3 

10.7 

Lyallpur, 

Barley 

91.9 

2.5 

2.7 

6.3 

9.3 

71.1 

0.23 

0.78 

0.51 

72 

91 


76* 

6.7 

70.8 

9.7 

Lyallpur. 

Barley 

90.9 

4.1 

1.5 

4.8 

8.6 

71.9 

. . 

. . 






7.3 

74.8 

10.6 

Bangalore 

Barley 

90.4 

2.9 

2.0 

5.7 

11.8 

68.0 

0.07 

0.87 

o!63 

79 

80 

56 

92 

9.3 

78.7 

7.5 

Morrison. 

Barley Malt 

93.4 

2.3 

2.1 

5.4 

12.7 

70.9 

0.08 

0.96 

0.45 





10.0 

82.1 

7.2 

Morrison. 

Barley screenings 

88.6 

4.2 

2.8 

9.5 

11.5 

60.6 

. . 

. , 

. . 





8.1 

60.8 

6.5 

Morrison. 

Beans {Phaseolus angularis) 

86.0 

3.6 

0,7 

4.0 

21.0 

56.7 








12.4 

62.0 

4.0 

Morrison. 

Beet pulp, dried 

92.0 

3.5 

0.8 

18.8 

9.0 

59.9 

0.‘68 

o!67 

o!i8 

53 


8i 

85 

4.8 

71.8 

14.0 

Morrison. 

Beet pulp, wet, 

11.6 

0.5 

0.3 

3.9 

1.5 

5.4 

0.09 

0.01 

0.02 





0.8 

8.9 

10.1 

Morrison. 

Blood meal or dried blood 

91.2 

3.8 

1.2 

1.3 

‘82.2 

2.7 

0.33 

0.26 

0.09 

*86 

ioo 



70.7 

75.9 

0.1 

Morrison. 

Bone meal, steamed 

96.4 

81.3 

3.3 

0.8 

7.1 

3.9 32.61 

15.17 

0.18 






. . 


Morrison. 

Bone meal, raw 

95.0 

61.6 

2.9 

0.8 

25.8 

2.9 23,00 

10.00 









Morrison. 

Bone flour, or precipitated bone 

97.5 

83.0 

2,6 


7.3 

4.6 26.85 

17.16 

0*08 








Morrison. 

Brewers’ grains, dried 

92.8 

3.7 

6.7 

14.8 

25.6 

42.0 

0.25 

0.47 

0.05 

'si 

*89 

49 

57 

20*7 

65*3 

2*2 

Morrison. 

Brewers’ grains, wet 

23.9 

1.0 

1.7 

3.6 

5.7 

11.9 

0.07 

0.12 

0.01 





4.6 

16.6 

2,6 

Morrison. 

Butter milk 

9.4 

0.8 

0.6 


3.5 

4.5 

0.18 

0.10 

0.15 





3.3 

9.1 

1.8 

Morrison. 

Babul pods 

80.0 

4.4 

0.6 

9!9 

12.6 

52.5 











Pusa. 

Babul seeds (crushed) 

93.0 

6.8 

3.1 

13.8 

13.6 

55.7 











Karnal. 

Cocoa meal 

96.0 

5.8 

17.0 

5.1 

24.3 

43.7 




37 

*89 


40 

9*6 

6o!7 

5^7 

Morrison. 

Cocoanut meal (whole pressed) 

91.7 

6.0 

11.6 

11.5 

20.0 

42.6 








18.0 

86.1 

3.8 

Morrison. 

Cotton seed 

92.7 

3.5 

23.0 

16.9 

23.0 

26.3 


0*55 

0.’95 

*74 

*92 

64 

59 

17.0 

91.0 

4.4 

Morrison, 

Cotton seed, Desi 

93.2 

4.7 

17.6 

21.7 

14.4 

34.8 

0.44 

1.20 

1.01 

56 

89 

66 

51 

8.0 

73.0 

8.6 

Lyallpur. 

Cotton seed, 289 F. American 

93.7 

5.0 

18.8 

26.2 

18.1 

25.6 

0,34 

1.25 

0.97 

64 

88 

52 

47 

11.5 

74.3 

5.6 

Lyallpur. 

Cotton seed, 285 F. American 

95.6 

4.0 

18.8 

26.0 

18.1 

28.7 

0.34 

1.30 

1.03 

68 

92 

68 

65 

12.2 

82.9 

6.6 

Lyallpur. 

Cotton seed, 43 F. American 

89.5 

3.7 

17.7 

25.5 

15.6 

27.0 

0.33 

1.29 

1.06 

88 

89 

80 

87 

13.7 

80.8 

6.2 

Lyallpur, 

Cotton seed, 4 F. American 

93.3 

4.6 

20.7 

21,0 

17.5 

29.5 

0.40 

1.33 

0.94 

60 

88 

49 

30 

10.5 

70.6 

5.3 

Lyallpur. 

Cotton seed, (4 F.) cake, 
(undecorticated) . 

92.5 

6.0 

8.5 

22.3 

21.1 

34.6 

0.25 

1.20 

1.50 

85 

98 

74 

59 

18.0 

72.5 

3.1 

Lyallpur. 

Cotton seed, (4F.) cake, 

(decorticated) . 

Cotton seed, whole pressed . . 

94.3 

7.7 

8.7 

5.9 

36.3 

35.7 

0.30 

1.40 

1.63 

80 

82 

46 

42- 

29,1 

63.8 

1.1 

Lyallpur, 

94.7 

4.4 

6.3 

23.8 

28.5 

31.7 




81 

96 

48 

72 

23.1 

70.9 

2.1 

Morrison. 

Cowpeas 

88.6 

3.5 

1.5 

4.1 

23.6 

55.9 

0.*i4 

1.*68 

1.’75 

82 

74 

64 

93 

19.4 

76.5 

2:9 

Morrison. 

Distillers’ maize grains (dried) 

93.6 

2.9 

10.6 

10.8 

30.6 

38.7 

0.07 

0.71 

0.16 

73 

97 

83 

79 

22.3 

85.0 

2,8 

Morrison. 

Distillets^ mixed grains (dried) 93.8 

1.9 

9.0 

12.2 

23.1 

47.6 







15.0 

75.6 

4.0 

Morrison. 

Distillers grams, (wet) 

22,4 

0.7 

1.5 

2.5 

4,4 

13.3 

o!6i 

o.ie 

o!64 





2.9 

17.2 

4.9 

Morrison. 

Distillery slop 

6.2 

0.3 

0.6 

0.5 

1.9 

2.9 







1.2 

4.9 

3.1 

Morrison. 

Fish meal 

92.3 

20.7 

7.9 

0.9 

58.7 

4.1 

7. *52 

6*82 

. . 

*81 

*99 



47.5 

67.6 

0.4 

Morrison. 


( X ) 



APPENDIX I 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

3. CONCENTRATES-- {Conid,) 

Chemical composition. ^Mineral constituents. Dige stibil ity co-efficients. 


O 

d 


Feeding stuff. 


Dry matter. 

Mineral matte] 

(2 

% 

6 

<u 

T5 

3 

u 

u 

% 

Protein. 

^ Nitrogen free 
extract. 

Calcium as Ga( 

Phosphorus as 
PaOg 

o Potassium as 
KoO 

Protein. 

d 

Crude fibre. 

Nitrogen free 
extract.! 

o 

u 

a* 

ir 

Ic 

Q 

O 

Xj 

tsf . 

X 5 

d 

.S; 

*iu 
"5 3 

0 

‘u 

Y. 

\ 

Rffrrenre 

for 

analy-iB. 

Garbage 


39.3 

2.8 

7.2 

1.1 

6.0 

22.2 








2 2 

34.6 

11.7 

.Mormon 

Garbage processed 


95.9 

12.9 

23.7 

20.0 

17.5 

21.8 


o!76 

o!75 

*36 

*82 

88 

82 

6.'3 

85.3 

12.6 

Morrison. 

Gram 


91.9 

2.4 

4.5 

6.9 

18.0 

60.1 

0*.40 

0.90 

0.22 

69 

84 


90* 

12.4 

79 6 

.5.1 

L>allpiir 

Gram 


90.0 

3.2 

2.8 

8.7 

19.4 

55.9 







- . 

14,3 

78 5 

4.7 

Ban«;alo’e 

Gram 


91.0 

3.3 

3.8 

8.9 

18.4 

56.6 








13.4 

79 2 

1 1 

PllSd 

Juar or Gholam 


90.4 

2.5 

2.3 


13.8 

71.9* 0.11 

0^77 

0*40 

*48 

65 


89* 

6.6 

73.7 

10 2 

lAuiipiir 

Groundnut cake 


93.8 

5.4 

6.1 

15*2 

37.6 

29.5 

0.21 

0.99 


87 

87 


86* 

32.7 

79.1 

1 

1 A allpur 

Groundnut cake 


94.0 

5.3 

7.7 

6.9 

48.7 

25.4 

0.25 

1.19 

L33 

90 

97 

io 

51 

43.8 

74.1 

0 7 

Baiigab r 

Gram husk 


92.0 

5.5 

0.8 

44.5 

5.3 

35.9 





85 

66 

71 


59.6 


Bangalore, 

Guara 


92.6 

4.2 

4.4 


38.4 

45.6* 0.63 

I’.k 

0.55 

*82 

63 


81* 

si. 5 

72.5 

’i.f> 

L\ ai l pur 

Linseed 


94.6 

5.0 

34.1 

6*.4 

18.2 

30.9 

0.34 

1.35 

1.00 

81 

93 


67* 

14.8 

108.8 

6.6 

L>allpiir 

Linseed cake 


94.4 

9.4 

4.2 

9.1 

28.9 

42,8 

0.69 

1.62 

1.30 

86 

80 


95* 

24,9 

82 6 

2 0 

Lyallpur 

Linseed cake 


96.8 

7.0 

6,6 

9.5 

30.5 

43.2 

0.52 

2.20 

0.92 

85 

96 

27 

67 

25.9 

77 2 

1 a 

Hengal 

Linseed meal, whole pressed 


91.3 

5.5 

6.3 

8.0 

35.2 

36.3 

0.46 

1.97 

1.57 

87 

92 

59 

82 

30.6 

78.2 

I 6 

Moriiviju. 

Malt sprouts 


92,2 

6.1 

1.5 

12.7 

26.4 

45.5 

0.34 

1.63 

1.83 

77 

85 

87 

80 

20.3 

70 f> 

2 J 

Morri>«Mi 

Maize"' 


91.9 

1.7 

3,0 

2.0 

9.7 

75.5 

0,06 

0.84 

0.30 

55 

82 


76* 

5.4 

70.5 

12. i 

lAalipur 

Maize 


88.5 

1,4 

4,0 

2.3 

9.7 

71.1 

0.01 

0.64 

0.40 

76 

91 

*57 

94 

7.4 

83.6 

10. ^ 

Morrwon. 

Maize bran 


90.1 

2.3 

6.4 

9.8 

9.8 

61.8 

0.04 

0.62 

0.67 

58 

76 

72 

82 

5.7 

74.4 

12.1 

Morri’stm, 

Maize gluten feed 


90.5 

6.1 

2.5 

7.1 

26.4 

48.4 

0.20 

1.26 

0.65 

86 

74 

92 

91 

22.7 

77.4 

2 1 

Morrison 

Meat scraps or dry tankage 


93.7 

24.6 

10,7 

2,2 

55.0 

1.2 

12.18 

9,85 






5o!6 

73.8 

0 3 


Mohwa cake 


96.0 

5.1 

17.2 

5.6 

17.9 

50.2 


. . 









Karaal.^ 

Matikalai grain 


93.0 

6.8 

1.4 

7.0 

29.8 

48.0 

. . 


. . 





. . 



(J. PrtniiF'B 

Mustard cake 


93.0 

8.4 

1.0 

8.1 

33.9 

41.6 

. . 

. . 

. . 








C. Pr4>unc«, 

Moth 


91.4 

4.2 

0.8 


22.6 

63.8* 0.32 

0.70 

1.00 

77 

75 


87* 

17‘.4 

72J 

Li 

1 .yallptir. 

Matri (field peas) 


89.2 

6.7 

0.9 


23.6 

58.0* 0.71 

0.62 

1.05 

79 

79 


85* 

18.6 

68.7 

2.7 

lAallptir 

Millet seed 


89.1 

3.6 

4.1 

8.6 

12.1 

60.7 


0.46 

0.37 

71 

73 

53 

92 

8.6 

73.7 

7.8 

Morrmit. 

Molasses, (beet) 


80.6 

10.3 



7 7 

62.6 

0.07 

0.05 

5.75 

52 



91 

2.5 

58.8 

22.5 

Morrwin. 

Molasses, (cane) 


74.1 

9.4 

. . 


2 8 

61.9 

0.78 

0.14 

3.16 

32 



90 

0.9 

56.6 

61.9 

Morrisi>n. 

Molasses, (cane) 


75.4 

4.6 



0.7 

70.1 

0.90 

0.10 

2.93 


. . 


95 

. . 

69.5 


Lyallpur. 

Oats 


90.5 

5.4 

6.’0 


8.7 

71.0* 0.28 

0.73 

0.26 

53 

78 


74* 

4.4 

71.7 

14.1 

Lyall^ur. 

Oats 


91.1 

3.6 

4.7 

10.6 

12.0 

60.2 

0.13 

0.76 

0.48 

78 

88 

38 

81 

9,4 

71.5 

6 6 


Oat middlinsrs 


92.1 

4.1 

5.5 

9.9 

15.3 

57.3 


1.28 

0.69 

80 

93 

49 

95 

12.2 

83,0 

5 a 

Morriwa. 

Palm kernel meal, wholenressed 

87.7 

4.3 

7.4 

11.1 

19.0 

45.9 



, . 


. . 



14,4 

71.7 

4.0 

Mtimwn. 

Peas, (matri) 


90.5 

3.1 

1.2 

6.2 

23.8 

56.2 

o*io 

o!92 

1.24 

85 

62 

87 

93 

20.2 

79 6 

2.9 

K.!cnTi»n. 

Potato flakes, dried 


87.9 

4.0 

0.3 

2.9 

7.1 

73.6 

0.06 

0.48 

2.25 





3.6 

77,2 

20 4 

Morriw 

Poppy seed oil cake 


88.0 

10.3 

10.2 

11.8 

36.0 

19.7 

. . 


. . 





27.4 

68.7 

1.5 

Morrt»u 

Prosopis pods 


91.6 

6.4 

1.3 

28.0 

12.3 

43.6 



. . 

65 

43 

8! 

66 

8.0 

60,7 

6.6 

Lyallpur. 

Rape seed meal, whole nressed 

90.0 

8.0 

5.1 

11.7 

34.8 

30.4 

, , 


. , 

81 

79 

8 

76 

28.2 

61.3 

1 .2 

Morrison. 

Rice 

* • 

88.6 

5.0 

1.8 

8.8 

8.3 

64.7 

. . 

o!48 

0.27 

76 

76 

10 

91 

6.3 

59. 1 

D.O 

Morrifftfi, 




APPENDIX I 

CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

3. CONCENTRATES— {Contd.) 


Feeding stuff. 


Chemical composition. 


ctS 




0 / 0 / 0 / 0 / 0 / 
/o /o /o /o /o 


Mineral constituents.! Digestibility co-efficients. 


OJ 

boij 

<u 

z 


o 

6 


o 




eo e<i 
O pn 

P-i 


% % 


S 

Cfl <M 

Oh 

% 


o 

(i 


CS 

fit 


e£J 

tc 


TJ 

S 

u 

o 


I 

CJ 

3 

w 

bo 

3 


c 

-d t 


D 

2; 


% % 1 : 


Rice bran 

9K1 

10.8 

Rice bran 

89.0 

19.7 

Rice bran 

87.5 

13.9 

Rawan 

89.8 

6.0 

Sesame or til or gingelly cake 

94.0 

10.3 

Sarson cake 

93.6 

8.9 

Sarson seed 

96.4 

5.8 

Soybeans 

92.6 

5.7 

Soybean meal, whole pressed 

91.7 

5.7 

Sunflower seed 

93.3 

7.3 

Do. cake, (decorticated) 

90.0 

4.2 

Sunflower seed cake 

89.5 

6.1 

Toria cake 

96.5 

7.5 

Taramira seed 

94.7 

7.7 

Taramira cake 

90.0 

7.5 

Tankage 

92.2 

19.2 

Velvet beans, and pods 

90.0 

4.2 

Velvet beans 

90.0 

3.0 

Wheat 

91.5 

1.7 

Wheat mamni 

94.3 

14.9 

Wheat bran 

89.0 

6.8 

Wheat bran 

88.5 

4.9 

Wheat brown shorts 

90.1 

4.4 

Wheat flour middlings 

89.6 

3.4 

Wheat germ meal 

91.1 

4.5 

Wheat screenings 

90.4 

4.5 

Wheat standard middlings 

90.0 

4.2 

White shorts 

89.7 

2.5 

Yeast, dried 

92.0 

7.0 

Yeast, dried 

94.2 

33.1 

Yeast grains, dried 

93.7 

2.8 

Miscellaneous, 



Milk, cows 

12.8 

0.7 

Milk, ewes 

19.2 

0.9 

Milk, goats 

13.9 

0.8 

Milk, mare’s 

9.4 

0.4 

Milk, sow’s 

19.0 

1.0 

Skim milk 

9.6 

0.8 

Whey ; ; 

6.6 

0.7 

Whey, dried 

95.0 

9.7 


13.4 

13 0 

12.8 

41.1 

0.11 

3.11 

1.30 

11.6 

13.1 

9.3 

35.3 




17.6 

12.3 

12.3 

31.4 

0.‘i9 

5^45 

o!i7 

1.4 


23.9 

58.5* 

0.26 

1.00 

3.82 

9.3 

4!o 

43.5 

26.9 




12.8 

10.2 

29.6 

32.1 

1.30 

2;i5 


42.1 

6.0 

20.8 

21.7 

0.67 

1.53 


16.1 

5.6 

38.5 

26.7 

0.53 

1.64 


5.7 

5.6 

44.3 

30.3 

0.39 

1.51 

2. *65 

25.7 

28.1 

18.0 

14.2 

0.50 

1.26 

0.80 

18.3 

10.9 

34.8 

21.8 

0.60 

2.38 

1.36 

7.7 

13.7 

38.3 

23.8 




8.6 

10.0 

35.0 

35.4 

1*03 

2. *65 

1 ’6o 

32 1 

6.3 

26.7 

21.9 

0.67 

1.40 

1.12 

11.6 

9.8 

34.4 

26.7 

1.46 

2.04 

1.05 

8.8 

1.4 

61.3 

1.5 

8.69 

7.83 

0.66 

4.4 

13.0 

18.1 

50.3 

0.34 

0.87 

1.44 

5.7 

6.4 

23.4 

51.5 




1.7 

1.7 

9.6 

76.8 

0*19 

0.’70 

0^50 

5.1 

11.4 

11.9 

51.0 

3.30 

0.97 


4.4 

12.2 

11.5 

54.1 

0.23 

2.00 

R30 

3.1 

9.6 

13.6 

57.3 

0.22 

1.75 

1.29 

4.7 

6.2 

17.8 

57.0 




4.9 

4.4 

17.0 

59.9 

o!i3 

L65 

i!67 

10.7 

2.5 

28.5 

44.9 

0.10 

2,40 

0.36 

4.7 

9.0 

13.5 

58.2 

0.62 

0.89 


5.5 

6.8 

17.4 

56.1 

0.13 

1.65 

i!67 

3.1 

2.9 

16 1 

65.1 




3.0 

1.0 

45.0 

36.0 

2!67 

2!93 


8.7 

3.9 

20.8 

27.7 




6.3 

16.1 

20.8 

47.7 




3.7 


3.5 

4.9 

0.17 

0.21 

0.17 

6 9 


6.5 

4.9 

0.29 

0.27 

0.23 

4.1 


3.7 

4.2 

0.18 

0.23 

0.18 

1.1 


2.0 

5.9 

0.11 

0.11 

0.10 

6.7 


5.9 

5.4 




0.1 


3.7 

5.0 

0^20 

0^27 

0A7 

0.3 

» . 

0.9 

5.0 

0.07 

0.09 

0.22 

0.7 


12.5 

72.1 

1.65 

1.51 






( 

XII 

) 


69 

83 

26 

74 

8.8 

67.4 

6.7 





6.1 

54.5 

8.3 





8.2 

62.9 

7.4 

77 

60 


72* 

18.4 

62,5 

2.4 





38.3 

94.0 

1.1 

91 

91 


68* 

26.9 

81.6 

2.3 

95 

69 


82* 

19.8 

104.8 

4.5 

90 

77 


58* 

34.7 

78.7 

1.4 

85 

86 

68 

98 

37.7 

82.2 

1.2 

96 

93 

38 

41 

17.3 

89.2 

4.2 

92 

90 

26 

71 

32.0 

87.4 

1.7 

86 

90 


64 

30 .‘i 

74.’6 

L5 

87 

83 


90* 

29;9 

85!3 

2^2 





56.4 

78.0 

0.4 

74 

80 

67 

87 

13.4 

73.8 

4.5 





17.3 

76.7 

3.4 

60 

67 


97* 

5.8 

84 0 

13.7 

55 

40 


71* 

6.5 

54.9 

7.6 

77 

84 


82* 

8.9 

70.8 

7.1 

77 

85 

66 

71 

10.6 

71.9 

5.4 

85 

85 

60 

85 

15.1 

76.3 

4.1 

88 

86 

54 

88 

15.0 

79.5 

4.3 





26.2 

92.9 

2.5 

70 

80 

17 

76 

9.7 

64.0 

5.6 

83 

85 

60 

88 

14.4 

78.4 

4.4 

90 

89 

42 

99 

14.5 

86.4 

5.0 

. 




35.6 

74.6 

1.5 

50 

36 


42 

10.4 







13.3 

eui 

3]6 

94 

97 


98 

3.3 

16.2 

3.9 





6.1 

26.0 

3.3 





3.5 

16.5 

3.7 

. . 




1.9 

10,1 

4.3 





5.5 

25.5 

3.6 

95 

98 


98 

3.5 

8.6 

1.5 





0.9 

6.4 

6.1 





11.9 

84.1 

6.1 


* Total carbohydrates. 
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CHEMICAL COMPOSITION AND DIGESTIBLE NUTRIENTS. 

3 . CONCENTRATES— {Contd.) 


Feeding stuff. 


C 3 

s 

U 

Q 

% 


Chemical compositi on. 


os 


% % 


^3 


o 

% 


o 

£ 

% 


Mineral constituents. 


fciO ij 

o X 

<D 


O 

O 

wa 

a 

B 

O 


3 

O U5 

aO 

tn M 
OfL, 

P-. 


% % 


6 

•sO 

tfl <M 

PL , 

% 


Digestibility co-efficients. 


o 

u 

On 






■§ 

u 


3 

(U f 
boi 


.s 

*G 

3 



2 


.2 


a 

ho 

"c3 

u 



■'S 3 

<u 

Reference 

3 

CO 

(U 

ho 

o 

13 3 

o ^ 

'C 

3 

for 

analysis. 

3 

H 

2; 



% % 


1: 


Rice bran 

91.1 

10.8 

13.4 

13.0 

12.8 

41.1 

0.11 

3.11 

1.30 

69 

83 

26 

74 

8.8 

67.4 

6.7 

Morrison. 

Rice bran 

89.0 

19.7 

11.6 

13.1 

9.3 

35.3 








6.1 

54.5 

8.3 

Madras. 

Rice bran 

87.5 

13.9 

17.6 

12.3 

12.3 

31.4 

o.io 

5.45 

0.17 




72 * 

8.2 

62.9 

7.4 

Bengal. 

Rawan 

89.8 

6.0 

1.4 

23.9 

58 . 5 * 

0.26 

1.00 

3.82 

77 

60 


18.4 

62.5 

2.4 

Lyallpur. 

Sesame or til or gingelly cake 

94.0 

10.3 

9.3 

4.0 

43.5 

26.9 







68 * 

38.3 

94.0 

1.1 

Bangalore. 

Sarson cake , . 

93.6 

8.9 

12.8 

10.2 

29.6 

32.1 

1.30 

2 . i 5 


91 

91 


26.9 

81.6 

2.3 

Lyallpur, 

Sarson seed 

96.4 

5.8 

42.1 

6.0 

20.8 

21.7 

0.67 

1.53 


95 

69 


82 * 

19.8 

104.8 

4.5 

Lyallpur, 

Soybeans 

92.6 

5.7 

16.1 

5.6 

38.5 

26.7 

0.53 

1.64 


90 

77 


58 * 

34.7 

78.7 

1 .4 

Lyallpur. 

Soybean meal, whole pressed 

91.7 

5.7 

5.7 

5.6 

44.3 

30.3 

0.39 

1.51 

2.65 

85 

86 

68 

98 

37.7 

82.2 

1.2 

Morrison. 

Sunflower seed 

93.3 

7.3 

25.7 

28.1 

18.0 

14.2 

0.50 

1.26 

0.80 

96 

93 

38 

41 

17.3 

89.2 

4.2 

Lyallpur. 

Do. cake, (decorticated) 

90.0 

4.2 

18.3 

10.9 

34.8 

21.8 

0.60 

2.38 

1.36 

92 

90 

26 

71 

32.0 

87.4 

1.7 

Morrison. 

Sunflower seed cake 

89.5 

6.1 

7.7 

13.7 

38.3 

23.8 




. ^ 





lA.h 


Bombay. 

Toria cake 

96.5 

7.5 

8.6 

10.0 

35.0 

35.4 

1.03 

2.65 

1.00 

86 

90 


64 

30 . i 

1.5 

I^yallpur. 

Taramira seed 

94.7 

7.7 

32.1 

6.3 

26.7 

21.9 

0.67 

1.40 

1.12 








Lyallpur. 

Taramira cake 

90.0 

7.5 

11.6 

9.8 

34.4 

26.7 

1.46 

2.04 

1.05 

87 

83 


90 * 

29.9 

85.3 

2.2 

Lyallpur. 

Tankage 

92.2 

19.2 

8.8 

1.4 

61.3 

1.5 

8.69 

7.83 

0.66 





56.4 

78.0 

0.4 

Morrison. 

Velvet beans, and pods 

90.0 

4.2 

4,4 

13.0 

18.1 

50.3 

0.34 

0.87 

1.44 

74 

80 

67 

87 

13.4 

73.8 

4.5 

Morrison. 

Velvet beans 

90.0 

3.0 

5.7 

6.4 

23.4 

51.5 








17.3 

76.7 

3.4 

Morrison, 

Wheat 

91.5 

1.7 

1.7 

1.7 

9.6 

. 76.8 

o.is 

0.70 

0.50 

60 

67 


97 * 

5.8 

84.0 

13.7 

Lyallpur. 

Wheat mamni 

94.3 

14.9 

5.1 

11.4 

11.9 

51.0 

3.30 

0.97 


55 

40 


71 * 

6.5 

54.9 

7.6 

Lyallpur. 

Wheat bran 

89.0 

6.8 

4.4 

12.2 

11.5 

54.1 

0.23 

2.00 

1.30 

77 

84 


82 * 

8.9 

70.8 

7.1 

Lyallpur. 

Wheat bran 

88.5 

4.9 

3.1 

9.6 

13.6 

57.3 

0.22 

1.75 

1.29 

77 

85 

66 

71 

10.6 

71.9 

5.4 

Bangalore, 

Wheat brown shorts 

90.1 

4.4 

4.7 

6.2 

17.8 

57.0 




85 

85 

60 

85 

15.1 

76.3 

4.1 

Morrison, 

Wheat flour middlings 

89.6 

3.4 

4.9 

4.4 

17.0 

59.9 

o ! i 3 

L 65 


88 

8 ^ 

54 

88 

15.0 

79.5 

4.3 

Morrison. 

Wheat germ meal 

91.1 

4.5 

10.7 

2.5 

28.5 

44.9 

0,10 

2.40 

0 . 36 ^ 





26.2 

92.9 

2.5 

Morrison. 

Wheat screenings 

90.4 

4.5 

4.7 

9.0 

13.5 

58.2 

0.62 

0.89 


70 

80 

17 

76 

9.7 

64.0 

5.6 

Morrison. 

Wheat standard middlings 

90.0 

4.2 

5.5 

6.8 

17.4 

56.1 

0.13 

1.65 

i !67 

83 

85 

60 

88 

14.4 

78.4 

4.4 

Morrisom 

White shorts 

89.7 

2.5 

3.1 

2.9 

16.1 

65.1 




90 

89 

42 

99 

14.5 

86.4 

5.0 

Morrison. 

Yeast, dried 

92.0 

7.0 

3.0 

1.0 

45.0 

36.0 

2!67 

2!93 






35.6 

74.6 

1.5 

Morrison. 

Yeast, dried 

94.2 

33.1 

8.7 

3.9 

20.8 

27.7 




50 

36 


42 

10.4 



Lyallpur. 

Yeast grains, dried 

Miscellaneous. 

93.7 

2.8 

6.3 

16.1 

20.8 

47.7 








13.3 

6lVl 

s'.e 

Morrison. 

Milk, cows 

12.8 

0.7 

3.7 


3.5 

4.9 

0.17 

0.21 

0.17 

94 

97 


98 

3.3 

16.2 

3.9 

Morrison. 

Milk, ewes 

19.2 

0.9 

6.9 


6.5 

4,9 

0.29 

0.27 

0.23 





6.1 

26.0 

3.3 

Morrison. 

Milk, goats 

13.9 

0.8 

4.1 


3.7 

4.2 

0.18 

0.23 

0.18 





3.5 

16.5 

3.7 

Morrison. 

Milk, mare’s 

9.4 

0.4 

1.1 


2.0 

5.9 

0.11 

0.11 

0.10 





1.9 

10,1 

4.3 

Morrison. 

Milk, sow’s 

19.0 

1.0 

6.7 


5.9 

5.4 








5.5 

25.5 

3.6 

Morrison. 

Skim milk 

9.6 

0.8 

0.1 


3.7 

5.0 

0^20 

0^27 

o ! i 7 

95 

98 


98 

3.5 

8.6 

1.5 

Morrison. 

Whey 

6.6 

0.7 

0.3 


0.9 

5,0 

0.07 

0.09 

0.22 





0.9 

6.4 

6.1 

Morrison. 

Whey, dried 

95.0 

9.7 

0.7 

• • 

12.5 

72.1 

1.65 

( 

1.51 

XII 

)’ 




* Total 

11.9 84.1 

carbohydrates. 

6.1 

Morrison. 




APPENDIX II 

FEEDING STANDARDS 

In order to enable farmers to calculate the rations required for different 
types of animal, various feeding standards based experimental data have 
been drawn up in different countries to show how much of the various types 
of digestible nutrients are required for different c\^ac:> oi animal. Some of 
these standards are given in terms of starch equivalents and protein equivalents, 
otheis are drawn up in terms of digestible protein and total digestible nutrients 
(see context). In the past, India has been almost entirely dependent on 
standards drawn up in foreign countries, and those most commonly used, 
although in somewhat limited circles, have been the Morrison standards. In 
the last few years, work has been conducted at Lyallpur, as described in Chapter 
IX, to evaluate standards under Indian conditions for cows and working 
bullocks. The data regarding them are still incomplete. No feeding standards 
derived from experimental work on other animals are yet available in India, 
and in the absence of such it is necessary to use foreign standards. The 
standards given in this appendix, other than those evaluated at Lyallpur, 
are those of Morrison and are reproduced by permission. 

The experimental work at Lyallpur has been done on cows of 800 pounds 
weight and giving an average yield of 24 pounds milk containing 5% fat. As 
described in Chapter IX, both the maintenance and milk production require- 
ments of these animals in terms of dry matter, digestible protein and total 
digestible nutrients are somewhat lower than the Morrison figures. For 
example, the maintenance requirements of a cow of 800 pounds weight are : — 



Dry matter. 

Digestible 

protein. 

Total 

digestible 

nutrients. 


lb. 

lb. 

lb. 

Morrison 

18.00 

0.536 

6.53 

Lyallpur 

12.26 

0.460 

6.20 


For the production of each pound of milk containing 5 pei cent fat, the 
following additional nutrients are required : — 



Digestible 

Total digestible 


protein. 

nutrients. 


lb. 

lb. 

Morrison 

0.046-0.056 

0.353-0.373 

Lyallpur 

0.048 

( xin ) 

0.357 
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MAINTENANCE REQUIREMENTS OF DAIRY COWS. 

LYALLPUR. 


Body weight. 

Digestible 
protein (per 
head daily) . 

Total digestible 
nutrients (per 
head daily) . 

lb. 

lb. 

lb. 

400 

0.280 

3.70 

500 

0.330 

4.40 

600 

0.370 

5.00 

700 

0.420 

5.60 

800 

0.460 

6.20 

900 

0.510 

6.75 

1,000 

0.550 

7.30 


MAINTENANCE REQUIREMENTS OF BULLOCKS. 
LYALLPUR. 


y weight. 

Dry matter. 

lb. 

lb. 

500 

8.66 

600 

9.90 

700 

11.07 

800 

12.20 

900 

13.29 

1,000 

14.35 


Digestible 

Total 

protein. 

digestible 

nutrients. 

lb. 

lb. 

0.248 

4.52 

0.284 

5.16 

0.317 

5.78 

0.350 

6.37 

0.381 

6.94 

0.412 

7.49 


Additional requirements as 
ordinary ploughing, etc., are:- 

determined at Lyallpur for each hour’s work ol 

Dry matter. 

Digestible 

protein. 

Total digestible 
nutrients. 

lb. 

lb. 

lb. 

0.409 

0.0297 

0.327 


Therefore, the requirements ot a working bullock weighing 1,000 pounds 
and doing an average day’s work of 6 hours ploughing are : — 

0.178 

( XIV ) 


2.45 


1.96 
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MORRISON FEEDING STANDARDS. 

Digestible protein Total digestible 

(per head daily). nutrients (per head 

daily). 




Minimum 

Recom- 

Minimum 

Recom- 



allowance 

mended 

allowance 

mended 



advised. 

for good 

advised. 

for good 




cows under 


cows under 

1 . Cows, 


usual 


usual 




conditions. 


conditions* 

A. 

For Maintenance. 

lb. 

lb. 

lb. 

lb. 

700 lb. 

Cow . , 

0.440 

0.476 

5.13 

5.81 

750 lb. 

Cow . . 

0.476 

0.506 

5.45 

6.18 

800 lb. 

Cow . . 

0.494 

0.536 

5.77 

6.53 

850 lb. 

Cow . . 

0.521 

0.564 

6.08 

6,88 

900 lb. 

Cow . , 

0.547 

0.593 

6.38 

7.23 

950 lb. 

Cow . . 

0.574 

0.621 

6.69 

7.58 

1,000 lb. 

Cow . . 

0.600 

0.650 

7.00 

7.93 

1,050 lb. 

Cow . . 

0.626 

0.678 

7.30 

8.27 

1,100 lb. 

Cow . . 

0.652 

0.706 

7.60 

8.61 

1,150 lb. 

Cow . . 

0.677 

0.734 

7.90 

8.95 

1,200 lb. 

Cow . . 

0,703 

0.762 

8.20 

9.29 

1,250 lb. 

Cow . . 

0.730 

0.790 

8.51 

9.64 

1,300 lb. 

Cow . . 

0.754 

0.817 

8.80 

9.97 

1,350 lb. 

Cow . . 

0,779 

0.844 

9.09 

10.29 

1,400 lb. 

Cow . . 

0.805 

0.872 

9.39 

10.63 

1,450 lb. 

Cow . . 

0.829 

0.898 

9.67 

10.96 

1,500 lb. 

Cow . . 

0.854 

0.925 

9.96 

11.28 

1,550 lb. 

Cow . . 

0.878 

0.952 

10.25 

11.61 

1,600 lb. 

Cow . . 

0,904 

0.979 

10.54 

11.94 

1,650 lb. 

Cow . . 

0.928 

1.005 

10.82 

12.26 

1,700 lb. 

Cow . . 

0.952 

1.032 

11,11 

12,58 

1,750 lb. 

Cow . . 

0.976 

1.058 

11.39 

12.90 

1.800 lb. 

Cow . . 

1.001 

1.084 

11.68 

13.23 

B. To he added to the allowance for maintenance given above for producing one 


pound of milk containing the following fat percentage : — 


2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 
7.0 


per cent fat 

jj jj jj 

>? jj j’ 

}> 

53 55 *5 

53 55 *5 

35 35 35 

33 55 53 

55 55 35 

53 55 35 


0.034 

0.040 

0.238 

0.251 

0.036 

0.043 

0.261 

0.276 

0.038 

0.046 

0.284 

0,300 

0.041 

0.049 

0,307 

0.324 

0.044 , 

0.052 

0.330 

0.349 

0,046 

0.056 

0,353 

0.373 

0.049 

0.059 

0,376 

0.397 

0,052 

0.062 

0.399 

0.422 

0.054 

0.065 

0.422 

0.446 

0,057 

0.068 

0.445 

0.470 


( XV ) 
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MORRISON FEEDING STANDARDS—(Gontd.) 

Requirements per head daily* 


2 . Growing dairy cattle. 

Dry matter. 

lb. 

Digestible 

protein. 

lb. 

Total 

digestible 

nutrients. 

lb. 

Nutritive 

ratio. 

1: 

Weight 1001b. 


\A— 2.4 

0.24—0.40 

1.2— 2.0 

3.9— 4.5 

„ 150 ,, 


3.4— 4.0 

0.41—0.52 

2.3— 3.0 

4.4— 5.1 

» 200 „ 


4.6— 5.6 

0.52—0.62 

3.3— 4.0 

5.0— 5.5 

„ 250 ,, 


5.9— 6.9 

0.61—0.71 

4.1— 4.8 

5.7— 6.2 

„ 300 „ 


7.2— 8.0 

0.67—0.78 

4 9— 5.5 

6.3— 6.8 

400 ,, 


9.0—10.0 

0.80—0.90 

6.1— 6.6 

6.5— 7.0 

» 500 „ 


10.6—11.8 

0.87—0.98 

6.9— 7.7 

6.9— 7.4 

.. 600 „ 


12.0—13.6 

0.94—1.06 

7.7— 8.7 

7.2— 7.7 

» 700 „ 


13.4—15.5 

1.00—1.13 

8.4- 9.7 

7.4— 7.9 

„ 800 „ 


14.8—17.4 

1.06—1.20 

9.1—10.7 

7.6— 8.1 

900 M 


16.1—19.2 

1.11—1.27 

9.8—11.7 

7.8— 8.3 

1,000 „ .. 

3. Fattening yearling 

17. .5— 21.0 

1.16—1.33 

10.4—12.6 

8.0— 8.4 

cattle. 

Weight 600 lb. 


13.2—16.3 

1.20—1.41 

10.3—12.7 

7.0— 8.0 

» 700 „ 


15.2—18.3 

1.41—1.60 

12.0—14.4 

7.0— 8.0 

» 800 „ 


17.0—20.0 

1.59—1.79 

13.5—16.1 

7.0— 8.0 

,, 900 ,, 


18.5—21.8 

1.74—1.94 

14.8—17.4 

7.0— 8.0 

„ 1,000 „ 


19.7—22.9 

1.87—2.06 

15.9—18.5 

7. 0-8.0 

» 1,100 „ 
4. Fattening 2 

yeajs 

20.8—24.0 

1.99—2.17 

16.9—19.5 

7.0— 8.0 

old cattle. 

Weight 900 lb. 


18.7—22.3 

1.62—1.83 

14.6—17.4 

7.5— 8.5 

„ 1,000 „ 


20.0—23.5 

1.78—1.98 

16.0—18.8 

7.5— 8.5 

„ 1,100 „ 


20.9—24.1 

1.87—2.07 

17.0—19.6 

7.5— 8.5 

„ 1,200 „ 


21.8—24.7 

1.95—2.12 

17.7—20.1 

7.5— 8.5 

5. Horses f idle. 

Weight 1,000 lb. 


13.0—18.0 

0.6— 0.8 

7.0— 9.0 

10.0—12.0 

„ 1,100 „ 


13.9—19.3 

0.6— 0.9 

7.5— 9.7 

10.0—12.0 

„ 1,200 „ 

4 

14.8—20.6 

0. 7-0.9 

8.0—10.3 

10.0—12.0 

„ 1,300 „ 


15.7—21.8 

0.7— 1.0 

8.5—10.9 

10.0—12.0 

„ 1,400 „ 


16.6—23.0 

0.8— 1.0 

8.9—11.5 

10.0—12.0 

„ 1,500 „ 


17.5—24.2 

0.8— l.l 

9.4—12.1 

10.0—12.0 

„ 1,600 „ 


18. .3— 25.4 

0. 8-1.1 

9.9—12.7 

10.0-12.0 

„ 1,700 „ 


19.1—26.5 

0.9— 1.2 

10.3—13.3 

10.0—12.0 

„ 1,800 „ 


20.0—27.6 

( 

0.9— 1.2 

XVI ) 

10.8—13.8 

10.0—12.0 
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AlORRISON FEEDING STANDARDS— (Contd.) 


Requirements per head daily. 


Dry matter. 

Digestible 

Total 

Nutritive 


protein. 

digestible 

nutrients. 

ratio. 

lb. 

lb. 

lb. 

1 : 


6. Horses at light wo7k. 

Weight 1,0001b, 

15.0—20.0 

0.8— 1.0 

9.0-11.0 

9.0—11.0 

55 

1,100 „ .. 

16.2—21.6 

0.9— 1.1 

9.7—11.9 

9.0—11.0 

55 

1,200 „ .. 

17.4—23.1 

0.9— 1.2 

10.4—12.7 

9.0—11.0 

55 

1,300 „ . . 

18.5—24.7 

1.0— 1.2 

11.1—13,6 

9.0—11.0 

15 

1,400 „ . . 

19.6—26.2 

1.0— 1.3 

11.8—14.4 

9.0—11.0 


1,500 „ .. 

20.8—27.7 

1.1— 1.4 

12.5—15.2 

9.0—11.0 

5? 

1,600 „ . . 

21.9-29-2 

1.2— 1.5 

13.1—16.0 

9.0—11.0 

55 

1,700 „ .. 

23.0—30.6 

1.2— 1.5 

13.8—16.8 

9.0—11.0 

55 

1,800 „ .. 

24,0—32.0 

1.3— 1.6 

14.4—17.6 

9.0—11.0 


7. Horses at medium 
work. 


Weight 1,000 

lb, .. 

16.0—21.0 

1.0— 1.2 

11.0—13.0 

9.0—11.0 

55 

1,100 

55 

17.4—22.8 

1.1— 1.3 

11.9—14.1 

9.0—11.0 

1,200 

18.8—24.6 

1.2— 1.4 

12.9—15.2 

9.0—11,0 

55 

1,300 

55 • • 

20.1—26.4 

1.3— 1.5 

13.8—16.3 

9.0—11.0 

55 

1,400 

55 • * 

21.5—28.2 

1.3— 1.6 

14.8—17.4 

9.0—11.0 


1,500 

55 • * 

22.8—29.9 

1.4— 1.7 

15.7—18.5 

9.0—11.0 


1,600 

», . . 

24.1—31.6 

1.5— 1.8 

16.6—19.6 

9.0—11,0 

55 

1,700 

55 • • 

25.4—33.3 

1.6— 1.9 

17.5—20.6 

9.0—11.0 

55 

1,800 

55 

26.7—35.0 

1.7— 2.0 

18.3—21.7 

9.0—11.0 


8, Horses at hard wo? k. 


Weight 1,0001b. 

.. 18.0—22.0 

1 .2—1 .4 

13.0—16.0 

9.0—11.0 

55 

1,100 „ 

.. 19.7—24.0 

1,3— 1.5 

14.2—17.5 

9.0—11,0 

55 

1,200 „ 

.. 21.3—26.1 

1.4— 1.7 

15.4—19.0 

9.0—11.0 

55 

1,300 „ 

.. 23.0—28.1 

1.5—1 .8 

16.6—20.5 

9.0—11.0 

'5 

1,400 „ 

.. 24.7—30.2 

1.6— 1.9 

17.8—21.9 

9.0—11.0 

» 

1,500 „ 

.. 26.3—32.2 

1.8— 2.0 

19.0—23.4 

9.0—11.0 

55 

1,600 „ 

.. 28.0—34.2 

1.9— 2.2 

20.2—24.8 

9.0—11.0 

55 

1,700 „ 

.. 29.6—36.2 

2.0— 2.3 

21.4—26.3 

9.0—11.0 


1,800 „ 

.. 31.2—38.2 

2.2— 2.4 

22.5— 27.7 

9.0— 22.0 


( XVII ) 
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MORRISON FEEDING STANDARDS— (Gontd.) 


Requirements per head daily. 




Dry matter. 

Digestible 

Total 

Nutritive 




protein. 

Digestible 






nutrients. 




lb. 

lb. 

lb. 

1: 

9. 

Brood mares nursing 





foals, but not at work. 





Weight 1,000 lb. 

15.0—22.0 

1.2— 1.5 

9.0—12.0 

6.5— 7.5 


1,100 „ .. 

16.2—23.8 

1.3— 1.6 

9.7—13.0 

6.5— 7.5 


1,200 „ .. 

17.4—25.5 

1.4— 1.7 

10.4—13.9 

6.5— 7.5 


1,300 „ .. 

18.5—27.1 

1.5— 1.9 

11.1—14.8 

6.5— 7.5 


1,400 „ . . 

19.6—28.8 

1.6— 2.0 

11.8—15.7 

6.5— 7.5 


1,500 „ .. 

20.8—30.4 

1.7— 2.1 

12.5—16.6 

6.5— 7.5 


1,600 „ . . 

21.9—32.1 

1.7— 2.2 


6.5— 7.5 


1,700 „ . . 

23.0—33.7 

1.8— 2.3 

13.8—18.4 

6.5— 7.5 


1,800 „ . . 

24.0—35.2 

1.9— 2.4 

14.4—19,2 

6.5— 7.5 


10. Growing draft colts 
after weaning. 


Weight 

400 lb. 

9.2—11.3 

0.8— 0.9 

5.6— 7.2 

6. 5-^7. 0 


500 


.. 10.9—13.3 

0.9— 1.0 

6.6— 8.4 

6.6— 7.1 

71 

600 

77 

.. 12.4—15.2 

1.0— 1.2 

7.6— 9,6 

6.7— 7.2 

77 

700 

77 

13.9—17.0 

1.1— 1.3 

8.5—10.8 

6.8— 7.3 

^ 53 

800 


.. 15.3—18.7 

1.2— 1.4 

9.4—11.9 

6.9— 7.4 

?? 

900 

77 

.. 16.7—20.4 

1.3— 1.5 

10.2—13.0 

7.0— 8.0 

7“^ 

1,000 

77 

.. 18.0—22.0 

1.4— 1.6 

11.0—14.0 

7.0— 8.0 

71 

1,100 

77 

.. 19.3—23.6 

1.5— 1.6 

11.8—15.0 

7.2— 8.2 

71 

1,200 

77 

.. 20,6—25.1 

1.5— 1.7 

12.6—16,0 

7.5— 8.5 


11. Pregnant ewesj up 
to 4: to 6 weeks before 
lambing. 


Weteht 100 lb. 

2.0— 2.3 

0.16—0.18 

1.5— 1.8 

7.5— 8.5 

}» 

no „ .. 

2.2— 2,4 

0.17—0.20 

1.6— 1.9 

7.5— 8.5 

» 39 

120 „ .. 

2.3— 2.6 

0.18—0,21 

1.7— 2.0 

7.5— 8.5 

33 

130 „ .. 

2.4— 2.8 

0.19—0.22 

1.8— 2.1 

7.5— 8.5 

33 

140 „ .. 

2.6— 2.9 

0.20—0.23 

1.9— 2.2 

7.5— 8.5 

39 

150 „ .. 

2.7— 3,1 

0.21—0.24 

2.0— 2.4 

7.5— 8.5 


{ xvm ) 
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MORRISON FEEDING STANDARDS-~-(Contd.) 

Requirements per head daily. 


12.^ Pregmnt eiveSi last 
% to 6 weeks before 

Dry matter. 

lb. 

Digestible 

protein, 

lb. 

Total 

Digestible 

nutrients. 

lb. 

Nutritive 

ratio. 

1: 

lambing. 

Weight 100 

lb. .. 

2.5— 2.8 

0.21—0,23 

1.9— 2.2 

7. 2-8. 2 

„ 110 

j> • • 

2.7— 2.9 

0.22—0.25 

2. 0-2. 3 

7.2— 8.2 

„ 120 

>5 * * 

2.8— 3.1 

0.23—0.26 

2.1— 2.4 

7. 2-8.2 

„ 130 

JJ • • 

2.9— 3.3 

0.24—0.27 

2.2— 2.5 

7.2— 8.2 

„ 140 

J5 * * 

3.1— 3.4 

0.25-0.28 

2.3— 2.6 

7.2— 8.2 

„ 150 

1 3, Ewes 

» • • 

nursing 

3.2— 3.6 

0.26—0.29 

2. ^2. 8 

7.2— 8.2 

lambs. 

Weight 100 

lb. 

2.9— 3.2 

0.27—0,29 

2.3— 2.6 

6.7— 7.7 

» 110 

jj • • 

3.1— 3.3 

0.28—0.31 

2.4— 2.7 

6.7— 7.7 

» 120 

j> • • 

3.2— 3,5 

0.29—0.32 

2.5— 2.8 

6.7— 7.7 

„ 130 

55 . • 

3.3— 3.7 

0.30—0.33 

2.6— 2.9 

6.7— 7.7 

„ 140 

5. . . 

3.5— 3.8 

0.31—0.34 

2.7— 3.0 

6.7— 7.7 

130 j, . , 

14. Fattening lambs. 

3.6— 4,0 

0.32—0.35 

2.8— 3.2 

6.7— 7.7 

Weight 50 

lb. 

1.9— 2.3 

0.16—0.19 

1.2— 1.5 

6.5— 7.0 

„ 60 

5, 

2.0— 2.5 

0.20—0.23 

1,5— 1.8 

6.7— 7.2 

„ 70 

J7 • • 

2.2— 2.7 

0.21—0.24 

1.7— 2.0 

6.9— 7.4 

„ 80 

55 * • 

2.3— 2.8 

0.22—0.25 

1.8— 2.1 

7.1— 7.6 

„ 90 

• • 

2,4— 2.9 

0.23—0.26 

1.9— 2.2 

7.3— 7,8 

„ 100 „ .. 

15. Growing and 

fattening pigs. 

2.5— 3.0 

0.25—0.27 

2.0— 2.3 

% 

7.5— 8.0 

Weight 30 

5J • » 

1.3— 1.9 

0.25—0.32 

1.2— 1.7 

4.0-4.5 

„ 50 

JJ 

2.1— 2.8 

0.35—0.43 

1.9— 2.5 

4.5— 5,0 

„ 75 

JJ * * 

2.9— 3.9 

0.43—0.52 

2.6— 3.5 

5.3— 5.8 

„ 100 

JJ • • 

3.6— 4.8 

0.50—0.60 

3.2— 4.3 

5.8— 6.2 

„ 150 

55 . • 

4.8— 6.2 

0.65—0.75 

4.3— 5,6 

6.2— 6.5 

„ 200 

JJ * * 

5.8— 7.1 

0.73—0.83 

5.2— 6.4 

6.4— 6.7 

„ 250 

JJ • • 

6.5— 7.8 

0.80—0.90 

5.9— 7.0 

6.5— 6.8 

„ 300 


7.1— 8.4 

( 

0.85—0.95 
XIX ) 

6.4— 7,6 

6.6— 7.0 
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MORRISON FEEDING STANDARDS— (Gontd,) 

Requirements per head daily. 

Dry Digestible Total Nutritive 

protein Digestible ratio, 

nutrients. 

lb. lb. lb. 1; 


16. Wintering pregmni 

gilts. 

Weight 200 1b. .. 3. 3-^.0 0.43-^. 47 3.0— 3.6 6. 0—7.0 

„ 250 „ .. 3. 9-4. 7 0.50—0.55 3. 5-^. 2 6. 0—7.0 

„ 300 „ .. 4.4— 5.4 0.57—0.63 4.0— 4.8 6.0— 7.0 

17. Winteting p} egtmni 
older sows. 


Weight 300 lb. .. 3.7— 4.5 0.43—0.49 3.2— 4.1 6.5—7. 

„ 400 „ .. 4.6— 5.6 0.53^-0.60 4.0— 5.0 6.5—7. 

„ 500 „ .. 5.4— 6.6 0.63—0.71 4.7— 5.9 6.5—7. 

„ 600 „ .. 6.2— 7.6 0.72—0.81 5.4— 6.8 6.5—7. 

18. Brood sows nursing 
litters. 


Weight 300 lb, .. 8.9—10.9 M6— 1.23 8.1— 9.5 6.0— 7.0 

„ 400 „ .. 9.4—11.5 1.22—1.29 8.5—10.0 6.0— 7.0 

„ 500 ,, .. 9.8—12.7 1.28—1.35 9.0—10.5 6.0— 7.0 

„ 600 „ 11.2—13,8 1.34—1.42 9.4—11.0 6,0— 7.0 


{ ) 
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The data given in the following table have been computed to show the 
amount of mineral matter, expressed as the oxides (chlorine excepted), of the 
various elements. Some people express the mineral matter in terms of the 
simple elements and not the oxides, and where nomindian data thus expressed 
have been quoted, they have been converted so as to show the mineral content 
in terms of the oxides so as to be comparable with the method adopted at 
Lyallpur. In order to convert elements into oxides and vice versa the follow- 
ing factors are employed : — 


Calcium 

X 

1.40 

= 

CaO 

Phosphorus 

X 

2.29 


P2O5 

Potassium 

X 

1.21 



Sodium 

X 

1.35 


NagO 

Magnesium 

X 

1.67 

= 

MgO 

Iron 

X 

1.43 

-=r 

Fe 203 

Sulphur 

X 

3.00 

= 

S 04 

Silicon 

X 

2.14 

= 

SiO. 

Converseh 

GaO 

X 

0.714 

= 

Calcium. 

^^205 

X 

0.436 


Phosphorus. 

K 2 O 

X 

0.830 

= 

Potassium. 

NagO 

X 

0.742 


Sodium. 

MgO 

X 

0.600 

= 

Magnesium. 

Fe 203 

X 

0.700 

= 

Iron. 

SO 4 

X 

0.333 


Sulphur. 

SiOo 

X 

0.467 

== 

Silicon. 


The figures given in this appendix show the percentages of minerals in 
the feeding stuffs as such. For example, in the case of dry roughages they 
express the percentages in those roughages as received in the laboratory for 
analysis. Similarly for the various concentrates. In the case of green fodders, 
roots etc., the method of expression is similar. In the case of the latter, 
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the samples taken at Lyallpur were put into air tight containers of known 
weight immediately they were cut, so that the material could then be 
thoroughly dried and the amount of water contained in the samples estimated. 
The analyses of these green fodders, etc., therefore, represent the composition 
of the feeding stuffs as they stood in the field at the time of sampling. It will 
be clear that the amount of water any particular green fodder contains will 
vary with a variety of circumstances, such as the humidity and temperature 
of the air, the moisture content of the soil and the time of day the samples 
were taken, and so forth. By reference to Appendix I, which shows the 
amount of water contained in the feeding stuffs, it is easy to calculate the 
mineral content on a dry basis if necessary. 

Some analysts express their mineral analyses in terms of the oven dried 
material, and wherever data from such sources have been given they have 
been reconverted so as to be comparable with the Lyallpur and Morrison 
figures, which show the mineral composition in the feeding stuffs as sampled 
and before being oven dried. 
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MINERAL CONTENT OF SOME TYPICAL FEEDING STUFFS, 

i. DRY ROUGHAGES. 


Cal- 

Phos- 

Potas- 

Sodium Magne- 

Iron 

Sulphur 

Chlorine 

Silicon 

Reference 

cium 

phorus 

sium 

as Slum 

as 

as 

as 

as 

for 

as 

as 

as 

NagO as 

FC2O3 

% 

SO 4 

CI 2 

SiO 2 

% 

analysis. 

GaO 

% 

P 2 O 5 

% 

KgO 

% 

MgO 

% % 

% 

0 / 

/O 



2.00 

0.48 

2.43 

0.19 

0.43 

0.09 

0.75 

0.24 

0.35 


1.81 

0.57 

3.40 

0.51 

0.53 




i.OB 


2.96 

0.53 

2.87 

0.17 

1,32 




2.65 


1.58 

0.57 

1,75 

0.26 

0.83 


6!96 

6j5 



1.91 

0.41 

2.67 

0.29 

0.43 




2^60 


2,45 

0.54 

3.02 

0.17 

1.16 






0.61 

0.56 

2.24 

0.15 

0.41 




4!94 


3.04 

0.39 

2.00 

0.82 

0.89 




3.42 


0.43 

0.35 

2.27 

0,65 

0.20 




2.93 


0.31 

0.39 

1.31 


0.27 

6!o7 

6!i5 




1.34 

0.57 

0.99 


0.83 

0.16 

0.33 




0.30 

0.19 

1.73 

6;3o 

0.31 




3!67 


0.69 

0.32 

1.57 


0.52 

6!o9 

6!i8 

0.56 

0.39 


0..59 

0.52 

2.00 

0.41 

0.32 




7.45 

0.39 

0.38 

1.89 

0.09 

0.25 





0.60 

0.05 

0.24 

0.29 

0.22 




4 ! 02 

0.72 

0.06 

0.52 

0.28 

0.38 




10.39 

0.64 

0.07 

0.47 

0.25 

0.39 





0.44 

0.39 

2.30 

0.73 

0.33 


* * 


4.39 

1.03 

0.51 

1.93 

0.11 

0,38 

o’ 10 

0.70 


3.71 

0.57 

0.19 

1.03 

0.25 

0,16 

0.08 

0.42 

6!26 

5.88 

0.78 

0,21 

1.00 

0.17 

0.17 

0.12 

0.40 

0.15 

6.31 


Morrison. 

Lyallpur. 

Kiysore. 

Morrison. 

Lyallpur. 

Mysore. 

Lyallpur. 

Lyallpur. 

Lyallpur. 

Morrison. 

Morrison. 

Lyallpur. 

Morrison, 


Bombay, 

Lyallpur. 

Murree hiib 

Madras. 

Deccan. 

Hissar (Pun 

Lyallpur. 

Punjab. 

Punjab. 


0.52 

0.61 

2.30 

0.79 

0.22 

0.06 

0.49 

0.44 

4.06 

I-A-'alipur. 

0.66 

0.10 

0.62 

0.18 

0.28 




12 29 

Deccan. 

0,36 

0.12 

0.73 

0.19 

0.26 




4.05 

Madras. 

0.66 

0.13 

0.38 

0.14 

0.18 

6. *23 

6.*D8 

6!o4 

6.39 

Lyallpur, 

0.67 

0.53 

2.16 

0.78 

0.30 

0.07 

1.15 

0,73 

4.07 

Lyallpur. 

0.60 

0.31 

1.47 

0.41 

0.34 

0.17 

0.80 

0.36 

3.94 

Lyallpur. 


» \ Punjab' 
jab'L 
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MINERAL CONTENT OF SOME TYPICAL FEEDING STUFFS. 

1. DRT ROUGHAGES— (Contd.) 





Cal- 

Phos- 

Potas- 

Sodium Magne- 

Iron 

Sulphur Chlorine 

Silicon 

Reference 

Feeding stuff. 



cium 

phorus 

sium 

as 

sium as 

as 

as 

as 

as 

for 




as 

as 

as 

Na20 

MgO 

^^203 

SO4 

CI2 

Si02 

analysis. 




CaO 

0/ 

P2O1 

0/ 

K2O 


0/ 



0/ 

0/ 


Jubbulpore 



/o 

0.62 

/o 

0.29 

/o 

1.40 

/o 

0.21 

/o 

0.31 

/o 

/o 

/o 

/o 

5.89 

C. Provinces. 

Jullundur 



0.53 

0.38 

1.44 

0.28 

0.20 

o' 06 

6 !o 9 

2.81 

4.17 

Lyallpur. 

Jutogh* 



0.74 

0.39 

1.22 

0.20 

0.33 

0.07 

0,10 

2.32 

3.94 

Lyallpur. 

Kasauli* 



0.81 

0.16 

0.55 

0.23 

0.26 

0.13 

0.11 

0.06 

4.40 

Lyallpur. 

Lahore 



0.60 

0.31 

1.63 

0.44 

0.18 

0.04 

0.39 

0.40 

4.63 

Lyallpur. 

Meerut 



0.53 

0.30 

0.74 

0.37 

0.25 

. . 

. . 

. , 

7.43 

United Provinces. 

Murree* 



0.79 

0.09 

0.71 

0.45 

0.24 

0.08 

0.11 

0.10 

4.31 

Lyallpur. 

Mysore 



0.43 

0.25 

1.78 

0.23 

0.44 


. . 

. . 

3.19 

Mysore. 

Rawalpindi 



0.75 

0.12 

0.70 

0.39 

0.26 

6 .*ii 

0.13 

0.09 

5.16 

Lyallpur. 

Sialkot 



0.49 

0.39 

1.67 

0.30 

0.17 

0.11 

0.35 

0.32 

5.92 

Lyallpur. 

D , Straws. 













Barley 



0.45 

0.20 

1.52 

0.18 

0.12 

0.04 

0.39 

0.61 

0.86 

Morrison. 

Oats 



0.50 

0.30 

2.00 

0.23 

0.13 

0.04 

0.09 

0.77 

0.97 

Morrison. 

Peas 



2,21 

0.23 

1.30 

0.26 

0.33 

0.06 

0.12 

0.70 

0.11 

Morrison. 

Ragi 



1.03 

0.15 

1.38 

0.24 

0.42 



. . 

. . 

Bangalore. 

Rice 



0.47 

0,14 

1.52 

0.47 

0.26 

. , 

. . 

. . 

. . 

Bangalore. 

Rice 



0.64 

0.11 

1.60 

0.24 

0.27 


, . 

, , 

9.24 

Bengal. 

Rice 



0.38 

0.23 

2.17 

0.41 

0.23 

. . 


. , 

8.47 

Kangra (Punjab), 

Wheat 



0.31 

0.16 

0.96 

0.30 

0.10 

0.04 

0.09 

0.20 

1.87 

Morrison. 

Wheat bhusa . . 



0.39 

0.07 

1.16 

0.26 

0.10 





Lyallpur, 

Gram bhusa . . 



1.05 

0.20 

2.70 

0.04 

0.33 

0.05 

0.S9 

. . 

0.93 

Lyallpur. 


* Punjab hills 
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MINERAL CONTENT OF SOME TYPICAL FEEDING STUFFS. 

2 . GREEN ROUGHAGES, ROOTS, ETC. 


Feeding stuff. 


Calcium Phospho- 

Potas- 

Sodium Magne- 

Iron 

Sulphur Chlorine Silicon 

Reference 


as 

GaO 

% 

rus as 
P 2 O 5 

0/ 

,0 

sium as 
K 2 O 

0/ 

/O 

as 

NagO 

O' 

/o 

Slum as 
MgO 

0 ,' 

,0 

as 

FegOs 

O' 

/o 

as 

SO 4 

0.' 

/o 

as 

Gh 

0.' 

;Ct 

as 

SiOo 

for 

analysis. 

Altai fa , ( 1 ucenie) . 


0.56 

0.14 

0.69 

0.05 

0.12 

0.03 

0.06 

0.07 

0. 10 

Morrison. 

Anjan or Kollokattai grass 


0.25 

0.17 

1.07 

0.33 

0.13 




2 , 21 ) 

Bihar. 

Anian or Kollokattai grass 

. . 

0.18 

0.17 

0.92 

0.44 

0.14 




1.83 

lioiiibay. 

Anjan or Kollokattai grass, (pre-milk 
stage) . 

0.25 

0.26 

1.15 

0.39 

0.12 

6*07 

6127 


3.37 

J .yalipur. 

Bajra or Gumbii (pre-milk stage; 


0.15 

0.07 

0,73 

0.07 

0.12 

O.Ol 

0.17 

. . 

0.92 

[A'alipur. 

Barley, (milk stage) 


0.17 

0.11 

0.90 

. . 

0.06 

0.02 

O.H 

0.06 

0.58 


Berseem 


0.38 

0.12 

0.77 


0.12 




1.32 

Bihar, 

Bcrseem, (3rd cutting) 


0.40 

0.07 

0.72 

6!o4 

0.08 

6 !o 2 

6*06 


0.32 

liyallpiir. 

Cabbages 


0.08 

0.07 

0.29 

0.01 

0.03 

. . 


6'02 


islorrisori. 

Chhimber grass, (milk stage) 


0.26 

0.31 

1.33 

0.28 

0.10 

0.03 

6*25 


2 Al 

Lyallpiir. 

Gowpeas 


0.52 

0.21 

0.49 


0.38 




LOS 

Bihar. 

Dub or Dhub grass, (2nd cutting) 


0.31 

0.32 

0.91 

0.06 

0.17 

0 . 04 : 

6^42 


2.45 

Lyallpur. 

Dub or Diiub grass 

. . 

0.26 

0.19 

0.85 

0.16 

0.12 




2.13 

Bangalore. 

Dub or Dhub grass 


0.34 

0.17 

1.04 

0.30 

0.14 




2.40 

Bihar. 

Gram, (milk stage) 

Guara, (milk stage) 


0.89 

0.22 

1.36 

0.36 

0.18 

6 ! o 8 

6*20 


0.9! 

Lyallpur. 


0.61 

0.07 

0.49 

0.07 

0.20 




0.38 

I.yallpur. 

Guinea grass 


0.14 

0.19 

0.68 

0.12 

0.12 




1.58 

Bangalore. 

Guinea grass 


0.30 

0.13 

0.35 

0.14 

0.18 




1.96 

Bengal. 

Guinea grass, (4th cutting) 


0.19 

0.16 

0.81 

0.05 

0.15 

6 !oi 

6 ! o 5 

. . 

1.37 

Lyallpur. 

Juar or Cholam, (milk stage) 


0.22 

0,09 

0.80 

0.05 

0.13 

0.03 

0.04 


1.46 

Lyallpur. 

Juar or Cholam 


0.16 

0.18 

0.83 

0.14 

0.14 


. » 


0.90 

Bangalore. 

Lobia, (dough stage) 


0.71 

0.17 

0.79 

0.06 

0.24 

6*05 

0.10 

6. *09 


I.yaiipur* 

Lucerne, (3rd cutting) 


0,60 

0.24 

1.39 

0,12 

0.15 

0.10 

0.19 

0.25 

i 16 

I.yalipur. 

Maize 


0.13 

0.11 

0.28 


0.13 


. . 


0.55 

Bihar. 

Maize, (milk stage) 


0.12 

0.11 

0.26 






i ‘44 

'I.yallpiir. 

Makra grass, (pre-milk stage) 


0.34 

0.19 

1.42 

6^28 

6!27 




Lyallpur. 

Mangel roots 


0.01 

0.07 

0.43 

0.09 

0.05 

O^OOl 

6 ’.003 

6 *. 13 

0,014 

Morrison* 

Methi (flowering stage) 


0.47 

0.12 

0,63 

0.07 

0.78 

0.02 

0.10 

0.07 

0.12 

I*yailpur. 

Moth, (dough stage) 


0.90 

0.16 

0.95 

0.02 

0.20 

0.07 

0.19 

0.20 

0.78 

Lyallpur. 

Napier grass, (2nd cutting) 


0.17 

0.16 

0.97 

0.14 

0.10 

0.03 

0.09 


1.23 

I,*yaiipur, 

Napier grass 


0.11 

0.19 

1.14 

0.07 

0.09 




1 .58 

Bengal. 

Oats, (milk stage) 


0.17 

0.19 

1.14 

0.33 

0.10 

OM 

0*16 

6’.21 

0.69 

Lyallpur. 

Palwan grass, (dough stage) 


0.31 

0.21 

0.98 

0.01 

0.15 

0.07 

0.31 


1.30 

Lyallpur. 

Peas, (dough stage) 


0.39 

0.14 

0.22 


0.07 



. . 

0.20 

Lyallpur. 

Potato tubers 


0,01 

0.11 

0.54 

6 ' o 4 

0.08 

6 '.004 

6*009 

Q .45 

O.OOfi 

Morrison, 

Rape 

S arson, (flowering stage) . . 


0.48 

0.16 

0.45 

0.01 

0.03 



0.09 

6*79 

Morrison. 


0.45 

0.10 

0.36 

0,10 0.10 
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MINERAL CONTENT OF SOME TYPICAL FEEDING STUFFS. 

2. GREEN ROUGHAGES, ROOTS, ETC.—{Contd,) 


Feeding stuff. 


Calcium Phospho- 
as rus as 

GaO P2<>5 


Potas- Sodium Ma^c- 
sium as as slum as 
K2O NaaO MgO 


Iron Sulphur Chlorine Silicon 
as as as as 

Fe^Os SO4 GI2 SiOa 


Senji, (pre-flowering stage) 
Shaftalj (3rd cutting) 

Soybeans 

Sudan grass, (two months old) 
Sudan grass 

Sunflower, (pre-flowering stage) 
Sweet potatoes, (tubers) 

Velvet beans, (dough stage) 
Teosinte 

Wheat, (dough stage) 

Silage. 


Maize silage 
Sunflower silage 


% 

% 

/O 

% 

0 / 

,0 

0.31 

0.09 

0.76 

0.03 

0.11 

0.36 

0.08 

0.58 

0.01 

0.06 

0.47 

0.14 

0.59 

, . 

0.35 

0.33 

0.15 

0.55 

0.001 

0.24 

0.20 

0.14 

0.52 

0.01 

0.08 

0.52 

0.11 

0.89 

0.02 

0.26 

0.04 

0.14 

0.46 

0.03 

0.12 

0.98 

0.18 

0.69 

0.05 

0.25 

0.34 

0.12 

0.72 


0.16 

0.12 

0.11 

0.94 

6.03 

0.09 


0.10 

0.14 

0.36 

0.014 

O.IQ 

0.55 

0.09 

0.78 

0.23 

0.18 


0 / 

/o 

% 

0.03 

0.12 

0.02 

0.06 

6’.04 

6‘.09 

0.04 

0.03 

0.04 

0.05 


0.12 

6'.04 

0.10 

0.014 

0.06 

0.04 

0.09 


% 



0.68 

6 *.05 

0.08 


0.17 


2.05 

6!oi 

0.25 


0.73 

6*02 

6*. 77 


1.51 


0.86 


0.04 

0.36 

0.18 

0.21 
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Reference 
for *' 
analysis. 


Lyallpur. 

Lyallpur. 

Bihar. 

Lyallpur. 

Morrison. 

Lyallpur. 

Morrison. 

Lyallpur. 

Bihar. 

Lyallpur. 


Morrison. 

Morrison. 
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MINERAL CONTEN'F OF SOME TYPICAL FEEDING STUFFS. 

1 com:emtrates. 


Feeding stuff. 


Barley grain 
Barley grain 
Beans, field 
Beet ptilp, dried 
Blood meal 

Bone meal, steamed 

Brewers’ grains, dried 
Butter milk, dried 
Com grain, (Maize) 

Cotton seed, desi 
^tton seed, 4 F. American 
atton seed, 285 F, American 

^tton seed, 289 F. American 

^tton seed, 43 F. American 

Co^^eed meal, 41% protein grade 

Gram 

Gram,^with pods) 

Groundnut cake 
L^eed meal 
Idnseed cake 
Molasses, beet 
Oats 

Oatmeal 
Peas 
Rice 

Bice bran 


Rye 
SlW milk 
Soybean seed 
wbean meal 
^eat 
^%^t 

JJ^eatbran 
Wheat bran 
Wheat middlings flour 


Cal. 

Phos- 

Potas- 

cium as 

phorus i 

as sium a 

CaO 

P*Os 

KfiO 

% 

% 

0/ 

/O 

0.07 

0.23 

0.87 

0.78 

0.63 

0,51 

0.20 

1.03 

2.04 

0.95 

0.16 

0.22 

0.48 

0.60 

O.II 

45.65 

34.74 

0.22 

0.35 

1.08 

0.06 

1.90 

1.69 

0.86 

0.01 

0.64 

0.40 

0.44 

1.20 

1.01 

0.40 

0.34 

1.33 

1.30 

0.94 

1.03 

0.34 

1.25 

0.97 

0.33 

1.29 

1.06 

0.28 

2.73 

1.78 

0.14 

1.08 

1.75 

0.40 

0.90 

0.69 

1.94 

0.56 

2.15 

0.25 

1.19 

1.33 

0.46 

0.52 

0.07 

1.97 

2.20 

0.05 

1.53 

0.92 

5.75 

0.13 

0.76 

0.48 

0.08 

1.03 

0.45 

O.IO 

0.92 

1.24 

0.22 

0.19 

0.48 

5.45 

0.32 

0.17 

0.06 • 

2.52 

1.42 

0.11 

1.58 

1.00 

0.20 

0.28 

0.39 

0.04 

0.27 

1.37 

1.51 

0.98 

0,17 

2.30 

2.65 

0.53 

0.19 

0.22 

0.17 

0.70 

1.75 

3.02 

0.50 

1.29 

1.49 

0.13 

1.65 

1.07 


Sodium 

f 

1 

Iron 

as 

Slum as 

as 

NagO 

MgO 

Fe 205 

/o 

% 

0/ 

0.07 

0.20 

0.01 

0.05 

0.19 


0.09 

0.30 

6.01 

0.18 

0.43 

O.ll 

0.43 

0.37 

0.03 

0.70 

1.42 

0.35 

0.25 

6.04 

1.28 

1.35 

0.61 

0.04 

0.18 

0.01 

0.08 

0.51 

0.03 

0.06 

0.55 

0.03 

0.08 

0.55 

0.03 

0.06 

0.54 

0.03 

0.08 

0.56 

0.02 

0.07 

1.08 

0.09 

0.23 

0.35 

0,22 

0.27 


0.16 

0.50 


0.30 

0.51 


0.15 

0.88 

6.14 

0.47 

0.98 

1.31 

0.03 


0.19 

0.08 

0.08 

0.20 

0.18 

0.22 

o'.oi 

0.01 

0.01 


0. 18 

6.’33 

0.23 


0.15 

1.08 



0.38 


6.‘ll 

0,62 

0.69 

0.17 

0.38 

0.42 

6 !oi 

0.03 

0.03 

0.05 

0.03 

0.18 

0,11 

O.OI 

0.31 

0.66 


0.08 

0.09 

0.92 

0.52 

6 !oi 


Sulphur 

Obln* 

Silicon 

as 

rine m 

as 

S 04 

Cli 

SiOi 

0 / 

V 

% 

% 

0.06 

O.li 

0.21 

. , 


0.76 

0.18 

6.07 

0.02 

0.60 

0.04 

0.18 

0.84 

0.14 

« « 

1.20 

0.09 

0.73 

. . 

0.06 

0.98 

0.24 

0.36 


0.42 

0.05 

6.03 

0.17 

0.04 

0.19 

0.20 

0.03 

0.38 

0.19 

0.02 

0.24 

0.18 

0.02 

0.39 

0.25 

0.03 

0.12 

1.38 

0.03 

0.06 

0.75 

0.04 

6.’08 



0.70 

i‘l4 

6;o5 

6*25 


.. 

3.24 

6*09 

6*05 

6m 

. • 

0.07 


0.30 

0.08 

6.’o2 


’ * 

4*07 

6!5i 

6*13 

, » 

0.12 


. . 

0.12 

6*05 

■ « * 

1.23 

0.03 

• • 

1.35 

0.04 

* 

0.54 

0.06 

0.03 



0.08 

6!63 

6;o4 

0.04 

0.60 

0.04 

0.04 
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Reference 

for 

analysis. 


Morrison*. 

Lyallpur. 

Mornsom 

Morrison. 

Morrison. 

Morrison* 

Morrison. 

Morrison. 

Morrison. 

Lyallpur. 

Lyallpur. 

Lyallpur. 

Lyallpur, 

Lyallpur. 

Morrison. 

Morrison. 

Lyallpur. 

Lyallpur, 

Lyallpur. 

Morrison. 

Bengal. 

Morrison. 

Morrison. 

Morrison. 

Morrison. 

Bangalore, 

Bengal. 

Morrison. 

Morrison* 

Morrison. 

Morrison. 

Morrison. 

Morrison. 

Lyallpur. 

Bangalore. 

Morrwon. 

Morris|tti . 




APPENDIX IV 


Our knowledge concerning the vitamin consent of feeding stuffs for animals 
js not as extensive as that concerning articles of human dietaries. As described 
in the context the only feeding stufis which are likely to cause symptoms of 
vitamin deficiency are those deficient in vitamins A & D, and indications have 
been given as to how such deficiencies may be met. The data in the following 
table have been compiled from various sources including some analyses con- 
ducted at Lyallpur. 

The indications of vitamin content given must not be regarded as absolute, 
but rather as a general guide, as very considerable variations occur in dififerent 
samples of the same feeding stuff. For example, hay may show very wide 
variations due to the condition of the grass when cut and the manner in which 
the hay has been prepared. Similarly for many of the other items, and any 
specific analysis for vitamin content may show some deviation one way or the 
other from that recorded- 
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APl^HNDrX !\' 


VITAMIK (X)Kl ENT OF SOME FEEDING STUFFS. 

'Ilir rriativr aiiioyiu^ at ihr difterent vitaniias in each feed are indicatt'd 

thr syrnljoK : 

X iwliiateH the pu m of only a small amount of the vitamin, 

%% mraii'i the pi(*senrc of the vitamin in satisfactory quantity. 

*\x mmm that the feeding stuff is a very good source of the vitamin. 
«xx mdicaies that the feed is exceptionally rich in the vitamin. 

C> means entire absence of the vitamin. 


iiidiiates that the information concerning the amount of the vitamin 
h lacking or » not conclusive. 





Vitamins. 



Ffrdmg itwif 


.. 






A 


Bt 

C 

B 

E 

fMth 







Alfalfa 

jooc 

X 

XX 

XXX 

0 

XXX 

ftfcti, t'ummtm 

Q 

O 


X 

0 


ttfvi#, Migar 

O 

<> 


X 

0 

. 

i ..dihagr, gtrrn feavn 

KK 

X 

X 

XXX 

0 


white |x»rtion 

O to K 

X 


XXX 

0 

„ 

ve!kn\ 

XXX 

X 


XX 

o 


i !!<»vef 

XXK 

\ 

KX 

XXX 

0 

xxx 

th.iwjn, growing 

XXX 

X 

XX 

xxx 

0 

XXX 

Kde ■ . 

XXX 

\ 


XXX 

0 

„ 

hilirrrie 

. KXX 

X 

\ 

XXX 

«. 


’VhiOgrl'i 

() 

<> 


o 

0 

„ 

Potiiloe^ 

() 

X 


XX 

0 


Nwert yellow 

XX 

X 


XX 

0 


llcnerm 

. XXX 



XXX 


- 

Mai?e 

XXX 



XXX 

- 


i )al4 

. , XXX 



XXX 

- 

„ 

i J,ri« lay, g<xxi ^|«alttv 

. . X to XX 

X 

X 

o 

X 

XX 

t kAHt hay, fKW qwlitv 

.. Otox 

" 


0 

— 

“ 

/>r>f rmgk^is* 







Liirrrrif hay, gCKxl quality 

. , XXX 

X 

XK 

(> 

XX 

XXX 

1 4if erne hiy, ^»r quality 

. . Otox 

X 

K 

o 


“ 

Vlai’^r focidrr, well cured 

. , X 

X 

- 

O 

X 

“ 

i. htton leecl hull* 

o 



0 

- 

- 

hay in general, 

grwxi 






uutliiy 

. , XX 

X 

XX 

O 

XX 

XXX 

N^illet straw . , 

O 



O 

- 


Sorghum fodder 

. , X 

X 


O 

X 
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APPENDIX IV 


VITAMIN CONTENT OF SOME FEEDING STUFFS. 


Feeding stutT. 


Vitamins. 

A Bi Ba C 


D E 


Concentrates. 


Barley 

Beans . ' 

Beet pulp, dried 
Buttermilk 
Cotton seed meal 
Fish meal 
Groundnuts 
Linseed meal 
Maize, white 
Maize, yellow 
Maize gluten feed 
Maize gluten meal 
Millet seed 
Milk, whole 
Molasses, canc 
Oats 

Peas, green . • 

Rice, whole grain, unjjolished 
Rice, whole grain, polished . . 
Rye 

Skim milk 
Sorghum grain 
Soybeans 

Soybean meal, whole pressed 

Tankage 

Wheat 

Wheat bran 

Wheat germ 

Wheat middlings, standard . . 
Whey 

Whey, dried 


O lox 

XX 

X 

o 

O 

O 

XX 


o 

O 

O 



o 

O 

X 

X 

XX 

Otox 

O 

O 

~ 

_ 

o 

O 

O to X 

O 

O to XX 

O O tox 

O tox 

XX 

X 

o 


O 

- 


O 

o 

O 

XXX 

X 

0 

o 

XX 

XXX 

X 

O 

o 

XX 


o 

0 

o 

XXX 


o 

o 

o 

O to X 

XX 

- 

o 

o 

X.X 

X 

XX 

X O tox 

O 

XX 

- 

O 

o 

O 

XX 

X 

O 

o 

XX 

XX 

X 

0 

o 

O 

XX 

X 

O 

o 

O 

o 

0 

O 

o 

O 

XX 

X 

0 

o 

C) 

X 

XX 

O to X 

o 

O 

XX 


0 

o 

O 

XX 

X 

O 

o 

O 

XX 

X 

0 

o 

O 

o 

X 

O 

o 

O 

XX 

X 

O 

o 

o 

XX 

X 

0 

o 

o 

xxxx 

X 

0 

o 

o 

XXX 

X 

o 

o 

o 

X 

XX 

0 to X 

o 

o 

X 

XXX 

O to X 

o 


XX 

O 

X 


X 


Silage. 


Maize silage, good quality, 
from green maize at silage 
stage • • 

Sorghum silage, good quality 


X to XX X 

X to XX X 
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APPENDIX I\ 


VITAMIN CONTENT OF SOME FEEDING STUFFS. 


Feeding stuff 


Miscellaneous, 


Apples 

X 

Butter 

XXX 

Cheese 

XX 

Cream 

X to XX 

Cod liver oil 

. xxxx 

Eggs 

XX 

Fresh fruit in general 

- 

Lean meat 

- 

Orange juice 

. . X 

Tomatoes 

XX 

Yeast 

o 


Vitamim. 

Bi Ba C D E 


X 

X 

X to XX 

- 

- 

0 


o 

X 

X 

0 

X 

- 

- 

~ 

XX 


O to X 

X 


o 

o 

o 

xxxx 

o 

X 

X to XX 

XX 

XX 

“ 

X 

O to XXX 



X 

X 

XX 

X 

- 

X 

X 

- 

XXX 


X 

X 

X 

XXX 


- 

xxxx 

XXX 

o 

o 

o 
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APPENDIX V 


This appendix shows detailed rationing schemes followed by the Military 
Dairy Farms, India, and is reproduced by kind permission of ihe Director of 
Military Farms, India. 
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Type of 
fodder. 


APPENDIX V 


FODDER TABLE. 

TABLE SHOWING COJVCENTRATE SCALES TO BE FED WITH DIFFERENT QUANTITIES AND TTPES OF FODDERS. 


Name 

of 

Time or State 
when cut. 

App. 

dry 

Stand- 

dard 

Standard 
method of 





PROPORTIONS 

FED. 




St 

fe 

Fodder. 


matter. 

% 

amount. 

lb. 

feeding. 

Upto 

1/6 

1/4 

1/3 

5/12 

1/2 

7/12 

2/3 

3/4 

5/6 

11/12 

1 

L Bhusa 


92 

12 

Chaffed 

@ 

@ 

@ 

@ 

@ 

@ 


@ 

A 

A 

A 

2. Poor Grass 
















hays. Rice, 















~ 

Barley, Kirby, 
















Oat-Straw. 


92 

14 

Chaffed. 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

A 

A 

A i 

3. Medium hays 


92 

15 

Chaffed. 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

B 

B 

B > 

4. Good Grass 
Oat and 














c 

Churree hays. 


92 

16 

♦ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

G 

C 

G 

5. Berseem. 

a. Nov. to 
15th Dec. 

10 

168 

Unchaffed. 

A 

B 

X 

X 

X 

X 

X 

X 

X 

X 

X “ 

6. Shaftal. 

b. 16th Dec. 
to 1 5th 

March. 

12 

144 

Unchaffed, 

A 

B 

B 

B 

X 

X 

X 

X 

X 

X 

X St 

7. Cowpeas. 

5 

c. 16th 

March to 
15th April. 

15 

120 

Unchaffed. 

B 

B 

B 

C 

C 

C 

X 

X 

X 

X 

fe 

n 

X b 


d. 16th April 
& onwards. 

18 

96 

i Unchaffed. 

A 

B 

B 

C 

C 

D 

D 

X 

X 

X 

X E 


a. Before 
Bloom. 

15 

120 

Unchaffed. 

A 

B 

C 

C 

D 

X 

X 

X 

X 

X 

X 

8. Lucerne. 

b. In Bloom . 

20 

84 

Unchaffed. 

. A 

B 

C 

C 

D 

D 

X 

X 

■X 

X 

X 

J 

c. After 
Bloom. 

25 

60 

Unchaffed. 

A 

B 

C 

G 

D 

D 

D 

X 

X 

X 

X 


a. Immature.’ 

15 

120 

Unchaffed. 

A 

B 

B 

C 

C 

X 

X 

X 

X 

X 

X 

j 9. Churree and 
Gowara. 

10. Oats. 

b. Seed stalk 
inside the 
sheath. 

18 

96 

♦ 

A 

B 

B 

G 

C 

C 

X 

X 

X 

X 

X 

11. Khasil. 

12. Maize. 

13. Makchurree. 

3. Seed stalk 
just emerg- 
ing. 

20 

84 

Chaffed. 

A 

B 

B 

G 

G 

G 

D 

D 

X 

X 

X t 

14. "fejra. 

d. Seed stalk 
emerged. 

25 

60 

Chaffed. 

A 

A 

B 

B 

C 

G 

D 

D 

D 

X 

1 ' t 


c. Semi-ripe 

30 

48 

Chaffed. 

A 

A 

A 

B 

B 

B 

G 

G 

C 

X 

1 “ 1 


months, according to 
age classifications. 


Fodder 

Proportion 


th — 8th week 1/8 

th week 1 /6 

0th — 1 6th week 1/5 
7 th — 1 9th week 1 /4 
:0th— 23rd week 1/3 
:4th— 26th week 1/2 

Fodder proportions of 


ody weight Fodder 
lb. Proportion- 

Upto — 400 1/2 

400— 500 2/3 

500— 600 3/4 

600— 700 5/6 

700— 800 1 

800—1000 (a) 11 

1000—1200 (b) li 
1200—1400 (c) If 
Over 1400 If 

(a) Mature indigenous 
nd upto 25% foreign cows, 

(b) Mature cows over 
[5% foreign {except Friesi^ 
ans), 

(c) Mature Bujf aloes. 
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APPENDIX V 


FODDER TABLE. 


TABLE SHOWING CONCENTRATE SCALES TO BE FED WITH DIFFERENT QUANTITIES AND TTPES OF FODDERS— {Contd,) 


Type of 
fodder. 

Name 

of 

Fodder. 

Time or State 
when cut. 

App. dry Standard 
matter. Amount. 
% lb. 

Standard 
method of 
feeding. 

Upto 

- 


5/12 

PROPORTIONS 

FED. 


5/6 

____ - 


Fodder proportions of 
standard amount to be 
fed to Horses & Mules. 

— 






1/6 

3/4 

1/3 

ifZ 

(jLZ 

2/3 

3/4 

11/12 

1 

Body weight Fodder 


















lb. proportion. 


15, Cultivated & 

a. Very early. 

18 

96 

* 

A 

B 

B 

c 

C 

C 

X 

X 

X 

X 

X 

Below — 600 5/6 

:2; 

Monsoon grasses. 

b. Early. 

20 

84 

* 

A 

B 

B 

G 

c 

c 

D 

D 

X 

X 

X 

600 — 800 11/12 



c. Normal. 

25 

60 

Chaffed. 

A 

A 

B 

B 

c 

G 

D 

D 

D 

X 

X 

800 — 1000 1 

w 

















Over 1000 LV 


16. Good Silage. 

a. Normal. 

25 

60 

Chaffed. 

A 

A 

B 

B 1 

c 

C 

X 

X 

X 

X 

X 


'p 


b. Ripe. 

30 

48 

Chaffed. 

A 

A 

A 

B 

B 

X 

X 

X 

X 

X 

X 


o 

Q 

17. Inferior Silage.j 

Hard, woody 













1 

1 

1 


p 


and mouldy. 

30 

48 

Chaffed. 

A 

A 

A 

A 

X 

X 

X 

X 

X 

1 " 

X ' 


c/2 

18. Roots. 


8 

180 

* 

A 

B 

X 

X 

X 

X 

X 

X 

X 

X 

X 





To be worked from the above 














19. Mixed fodders of all kinds. 

values for the fodders com- 


To be determined from the quality of fodders composing the mixture 






posing 

the mixture. 

[ 













Abbreviations indicate : — 

@ Depends on type and quality of succulent fodder fed. (*) May be fed chaffed or unchaffed, (x) Should not be fed. 

A, B, G & D are the scales of concentrate ration issued according to the availability of the roughage and its type. 

Note : — 1. When roots are fed with dry fodders no reduction will be made in the quantity of dry fodder fed. 

2. If a fodder marked ‘chaffed’ is fed ‘unchaffed’ the quantity fed will be increased by 1/6. 

3. Quality of all dry fodders will be assumed to be equal to bhusa when fed with over 1/6 succulent fodder. 

4. The scale of concentrates to be fed with grazing will correspond to the type and proportion of succulent fodders grazed. 
Managers will judge the fodder value of grazing in terms of succulent fodder on the basis of palatability, availability and the stage 
at which fed and deduct the values given below as a guide, from the total succulent fodder allowance. If grazing is semi-ripe 
no deduction will be made from succulent fodder ; it will be made from dry fodder as follows : — 

Degree of grazing . . • . • • FAIR GOOD VERY GOOD. 

Proportion to be deducted from succulent or dry fodder ration as required 1/6 1/2 3/4 

5. Samples of hays will be submitted to the Agricultural Chemist for grading after each harvest. 
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APPENDIX V 

\SIC RATION TABLE (A) FOR CALVES UPTO SIX MONTHS 

Figures under all heads, except fodder, denote the quantity to be fed tor every 
) pounds body weight. (Five pounds and over to be counted as 10 pounds, under 
ye pounds to be ignored). 

The figures under fodder show the actual proportion of the standard fodder 
jition to be fed. 


Cow calves. " 

Buffalo calves. 

Cow 

and Buffalo 
calves. 

. S 

Age. g 3 

s h a 

P 0 

0 

o 

lb. lb. 

^ Separated 
milk. 

5^ Concentrates. 

S i 

(W 

P .2 

0 

u 

lb. 

% 

lb. 

^ Separated 
milk. 

G jncentrates. 

Fodder. 

No. of times 
rations fed 
dally. j 

jt-3rd day 

.0 .. 



1.0 




4 

!:h-7th day 

.. 1.0 




1.6 



3 

nd week 

.. 1.25 




0.8 

0.1 


2 

rd „ 

.. 1.25 




0.7 

0.2 


2 

th 

.. 0.75 

0.25 

1/20 


0.6 

0.2 

1/20 

2 

th 

.. 0.75 

0.25 

1/20 


0.5 

0.4 

1/20 

1/20 2 

th 

.. 0.75 

0.25 

1/20 


0.4 

0.4 

1/20 

1/10 2 

th „ 

.. 0.50 

0.40 

1/12 


0.3 

0.4 

1/10 

1/8 2 

th 

.. 0.50 

0.40 

1/12 


0.2 

0.5 

1/10 

1/8 2 

th 

.. 0.50 

0.40 

1/12 


0.15 

0.5 

1/10 

1/6 2 

0th- 12 th week 

.. 0.30 

0.50 

1/12 



0.5 

1/10 

1/5 2 

3th-16th „ 

.. 0.10 

0,50 

1/12 



0.5 

1/10 

1/5 2 

7th- 19th „ 


0.40 

1/12 



0.5 

1/10 

1/4 2 

[)th-23rd „ 


0.25 

1/12 



0.5 

1/10 

1/3 2 

tth-26th „ 


0.10 

1/12 



0.5 

1/10 

1/2 2 


OMPOSITIONOF CONCENTRATE MIXTURE. {As for animals over six tmonhs). 
VOTES — 1. Rations will be worked out to the nearest pound in the case of colos- 
trum, milk, separated milk and fodder, and to the nearest half 
pound in the case of concentrates. 

2* Managers have the authority to alter the ration of an individual animal 
if considered desirable. 

3. The milk and separated milk required for calves rations have prior 

claim on all issues. The Calves Incharge must report in the 
Cattleyard Report Book every time that the full rations of milk 
or separated milk have not been supplied. 

4. At Young Stock Farms when separated milk is not available, it will be 

replaced by 50 per cent, whole milk. 

5. The quality of fodder fed to calves will be the best available. As a 

rule the mixed fodder should contain about 25 per certt. dry 
matter. 

6. When fodders 1 and 2 (see fodder table) are fed, the concentrate ration 

for cow calves over 12 weeks old will be increased to 1/10. 
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APPENDIX V 


BASIC RATION TABLE (B) FOR CATTLE OVER SIX 

MONTHS. 


(Except Horses and Males for which see Ration Table (C). 



Concentrates. 

Fodder. 


A 

B 

C 

D 

Pro- 










portion 










of 

Weight 









standard 

in 

1 

2 

1 

2 

1 

*2 

1 

2 

fodder 

pounds. 









to be 










fed. 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 


Upto 400 

3 

3 

3 

2 

2 

2 

2 

2 

i 

400-500 

4 

3 

3 

2 

2 

1 

2 

1 


500-600 

4 

3 

3 

2 

2 

1 

1 

0 

} 

600-700 

4 

3 

2 

1 

1 

0 

0 

0 


700-800 

4 

3 

2 

1 

1 

0 

0 

0 

1 

800-1000 (a)* 

4 

3 

2 

1 

1 

0 

0 

0 

11 

1000-1200 (b)* 

5 

4 

2 

1 

1 

0 

0 

0 


1200-1400 (c)* 

5 

4 

2 

2 

1 

0 

0 

0 

i; 

Over 1400 

6 

5 

3 

2 

1 

2 

0 

0 

0 

li 


Notes : — 1 . Category 1 is for cattle containing over 50 per cent, foreign blood. 


2. Category 2 is for indigenous cattle and cattle containing 50 per cent or 

less foreign blood. 

3. Bulls in service and bullocks at work must not be fed under a category 

below ‘C’. 

4. Bulls, Bullocks and all pure Fricsians will be fed on actual weight basis. 

*To simplify calculations in feeding concentrates and fodder to mature female 
stock ohly, it has been assumed that all indigenous cows and those containing upto 
25 per cent, foreign blood come in category (a) (800-1000 lb.), those with over 
25 per cent, foreign blood (except pure Fricsians) in category (b) (1000-1200 lb.) 
and buffaloes in category (c) (1200-1400 lb.) 
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APPENDIX V 


ADDITIONAL CONCENTRATES TO BE FED FOR EXTRA 
STRAIN ON CONSTITUTION. 

[Add to Basic Ration Table (B)]. 


1. For Milk : — 

A and B scales : — One pound T or 2} lb. milk. 

: — One pound for 3 lb. milk upto two gallons and one pound 
for 2 J lb, milk for yields beyond that. 

: — One pound for 3 lb. milk upto three gallons and 1 pound 
for 2i lb. milk for yields beyond that. 

Concentrates and fodder will be worked out to the nearest pound. 
The full concentrate ration for the expected maximum yield will 
not be given until 14 days after calving as follows : — 

1—7 days 50 %. 8—14 days 75%. 

After 14 days 100%. 

2. For low Temperature : — 

NOTE— To animals in milk only 45*— 55T. 1 lb. Below 45T 2 lb. 

Temperature will be that inside the shed. 

3. For Pregnancy : — 

During the last 3 months only. Category 1 2 Ib. 

Category 2 1 lb. (See note 3 under Reductions ”). 

4. For work to Bullocks: — 

6 lb. concentrates for hard work, 4 lb. for light work or no work. 

5. For Service to Bulls : — 

7 lb. concentrates. Mature bulls not in regular service to be given 4 lb. 

concentrates. 


C scale 

D scale 

Note — 1. 

2 . 


For Gropvth to Friesian Bulls and Cows : — 

Friesian Young Stock below l400 body weight \yill be given 1 lb. 

-f m wjtji f 


extra 


concentrates. 



APPENDIX V 


REDUCTIONS IN NORMAL CONCENTRATE AND FODDER 
ALLOWANCE IN THE CASE OF INDIVIDUAL 
ANIMALS. 

1. Animals in Milk, 

Certain individual animals (category 2 only) maintain excessive condition on 
normal concentrate scales. The concentrate ration of such animals will be reduced 
by 50 to 100%. The condition and milk yield will be carefully watched when 
making the reduction. 

2. Dry adults and heifers in excessive condition and not holding to service 

or not coming into heat. 

Maintenance concentrate ration to be reduced by 50 to 100%. In the case of 
fat animals in category 2, the fodder allowance may also be reduced by 25%. 

3. Animals thctt will be dry for over 6 months prior to next calving. 

No pregnancy allowance to be given unless condition is unsatisfactory. Those 
in good condition will have even their maintenance concentrate ration reduced by 
50 to 100% so long as they remain in good condition. 


BASIC RATION TABLE (C) FOR HORSES AND MULES 


Body weight in 
pounds. 

Concentrates. 

lb. 

Proportion 
of standard 
fodder to 
be fed. 

[ 

A 

E 

C 

D 

1 

Upto 600 

5 

4 

3 

3 

f, 

a 

600-800 

6 

5 

4 

4 

1 1 
t 3 

800-1000 

7 

6 

5 

5 

1 

Over 1000 

8 

6 

5 

5 

liV 


Note. — 1. Add 4 lb. concentrates for work : if an animal is idle, feed according 
to the basic ration table on weight basis. 

2. Horses and mules at work should not be fed under a category below C ”, 
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APPENDIX V 


COMPOSITION OF CONCENTRATE MIXTURES. 


Mixtures. 

Bran. 

Crushed 

gram. 

Crushed 

barley. 

Crushed 

cotton 

seed 

cake. 

Crushed 

ground 

nut 

cake. 

Cattle. 






(a) 

4 

1 

1 


2 

(b) 

4 


2 


2 

(c) 

4 

i 

1 

2 


(d) 

5 

1 



2 

(e) ..| 

4 

- 2 


*2 , 


(f) 

4 

1 

*2 


i ‘i 

is) 

, 3 


2 

*3 ! 

1 . , 

(h) 

3 


2 

2 

1 

1 

(i) 

5 


1 


1 2 

1 

Horses and Mules. 





i 

(a) 

4 

4 




(b) 

3 

2 

*3 




Managers will feed the most economical mixture made up of stocks in hand. 
The cheapest mixture according to current prices should be the basis for indenting 
for future requirements of concentrates. 


(XLI ) 






INDEX TO AUTHORS 


Achatya, C. N., 251 
Amos, A., 233 
Armsby, H. P., 124 
Arnon, D. I., 26 
Ashworth, U. S., 1 14 
Aso, 57 

Badhwar, R. L., 246, 24B 
Beach, C. L., 291 
Becker, J. E., 72 
Bell, 245 

Bishop, K. S., 74 
Boas, F.,5 
Bohstedt, 245 
Borland, A. A., 291 
Brody, S.,114 
Brown, E. W., 464 
Burr, G. O., 76 

Ganreeth, F. E., 265 
Carmichael, 209 
Carroll, W. E.,444 
Charlton. J., 259 
Chopra, R, N., 246, 248 
Clausmann, P.,57 
Converse, H. T., 291 
Crichton A., 204,^265. 299, 437 
Crichton, J. A., 299 
Gross, H. E., 424 


Darlow, 368 

Dharmani, L. C., 99, 102, 133, 166, 
183,266, 274, 275 
Duncan, C. W., 301 
Dustan, W. R., 248 


Ellis, J. G. B., 202, 33B, 429. 434 

Ellis, C., 25, 27 

Evans, H. M., 74, 75, 76 

Felton, 368 

Gautier, A., 57 


Gericke, W. F., 24 
Ghosh, M. N., 251 
Gorrie, R. M., 8 
Grandeau, 382 
Green, H. H., 204, 437 

Haecker, T. L., 292 
Hainan, E. T., 463, 464, 466 
Hanson, N., 383 
Hart, E. B., 122 
Heller, 368 
Henry, 309 
Hoagland, D. R., 26 
Hosain, M. F., 26, 27 
Homberger, 238 
Hosterman, 216 
Huffman, G. F., 58, 301 
Humphrey, 122 
Hunt, G. E., m 

Ivey, 464 

Jenny, H., 7 
Jones, a H., 183 

Kammlade, W. G., 165 
Kaupp, 464 

Kellner, O., 117, 124, 171,235, 
236, 302, 359, 368. 370 

Ladd, N. Y., 238 
Lamb, L. W., 301 
Lander, P. E., 7, 10, 17, 99, 102, 
133, 134, 146, 166, 183, 219, 
220, 224, 266, 274, 275, 295 

Le Clerc., 382 

Linton, R. G., 199, 236, 272, 304, 
380, 396 

Long, H. C., 267 

Macdonald, A. J., 455, 457. 467 
Mackey, 165 
Marston, H. R., 368 
Maynard, L. A., 297 


( xLin: ) 



fNl^EX 


McCay, C. M., 297 
McCollum, E. V 72 
Meddel, 383 ’ 

Meip E. G., 291 

Mellanby-j E., 72, 262 

Mendel, L. B., 121 

Merrick, Burrell, Sir, 9 
^.fowan, J. p., 265 
Middleton, W. 290 
Mitchell, H. H.,"4W 
Monroe, C. F 292 
Momson, P. fe?, 122 2 16 22 h 
231, 234, 290, 291, 292 359 

408; 450 

^ayar, C* K. V., 253 

Orr,J. B 204, 299, 437 
Osborne, T. B., 41, 121 

Palmer, G, G,, 122 
Perkins, A. E., 292 

E., 490 

Pfeiffer, E., 3, 10 
Procter, R. G., 114 

Ramaswamy, R, 253 
Reed, O. E.,'5a ’ 


PO AUTHORS 

Robinson, G. S., 301 

Sanmann, F. P. 292 
f M. R. s', 253 
Shipley, F. G., 72 
Simonds, N. 72 

Steel, J.k, 420 

Stockman, R., 262 
Suryanarayana, 4 
Susuki, 57 

Swaney, M. W 25 97 
Symonds, T. J.,’i46 

Tavernetti, J. R., 24 
Taylor, G. S., 251 

Venkatachalam, K., 253 
Viswanath, B., 4 

Walker, U. W. F., 262 
Waters, 122 

Watt, G., 258, 263, 275,417 

Wegener, G., 1112 
Withers, W. A., 265 
, Woll, 309 
I Wood,T.B., 108, 114, 359,433 

I 233. 359 

Woodruff, 406 
’ Wrigrht, K. E., 292 


{ XLTV ) 



SUBJECT INDEX 


Abomasum, 83 
Abms precatorius, 256 
Absorption of food, 8 1 
Acacia arabica, 276 
„ catechu, 281 
Acid, acetic, 34, 35, 55 
amino, 44 
ascorbic, 61 
aspartic, 44 
butyric, 49 
capric, 49 
caprylic, 49 
formic, 34, 55 
glutamic, 44 
hexuronic, 61 
nucleic, 42 
oleic, 49 
palmitic, 34, 49 
prussic, 45 
Aerobic bacteria, 23 
Alanine, 35 
Albizzia lebek, 281 
Albuminoid ratio, 132 
Albuminoids, 42 
Albumins, 40 
Alcohol cetyl, 51 
Alcohol myricyl, 51 
Alimentary canal, 87 
Alkaloids, 45 
Alluvial soils, 15 
American ‘ Dust-bowl’, 7 
Amides, 44 
Aunonifiers, 22 
Amylase, 86 
Anabolism, 105 
Anaerobic bacteria, 23 
Anamirata cocculus, 256 
Andrachne cordifolia, 256 
Arabinose, 48 
Arhar, 185, 306 
Artificial fertilizers, 4 
drying of grass, 218 
Artocarpus integrifolia, 276 
Asparagin, 44 
Avenafatua, 256 
Azotobacter, 23 


Bacteria, 14 

Nitrogen fixing, 23 
Bajra (cumbu), 157 
Balanced rations, 124, 135 
Bamboo, 255, 281 
Barley, 192, 307, 387,447, 464 
meal, 192 
straw, 164 

Bauhimia variegata, 276 
purpurea, 277 
Beans, 389 
Burma, 259 
Java, 259-260 
Velvet, 158 

effects of storing the, 260 
Straw, 165 
Beet, 170 

mineral content of, 3 
pulp, 170 
tops, 170 
Beri Beri, 67 
Berseem, 160 
hay, 162 
Bhusa, 224 

storage of, 225 
Bile, 86 

Biological studv on pigeons 
and rats, 5 
Blood meal, 206 
Bombax malabaricum, 282 
Bone meal, 205, 206, 467 
Boron in nutrient solu- 
tions, 24 . 

Bran, 190, 306, 388, 463 
broad, 190 
medium, 190 
storage of, 240 

Brewery by-products, 1 96- 197 
Buffaloes — as milk pro- 
ducers, 351-352 
calf feeding, 342 
feeding of, 351 
feeding regime of, 356 
maintenance re- 
quirements of, 352 
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Buffaloes, milk production 
requirements of, 353 
Bull, feeding of the, 342 
Bullock, feeding of the, 343-35 1 
maintenance re- 
quirements of the, 343 
Butea frondosa, 282 
Buttermilk, 202, 466, 471 
Buxus scmperwens, 256 

Cake, cocoanut, 179 
cottonseed, 181, 306, 390,450 
gingelly or sesame or 
til, 180, 308 
groundnut, 174, 307 
linseed, 177, 307 
mustard or rai, 180 
palm kernel, 178 
rape, 180 
sarson, 180 
soybean, 176 
toria, 180, 308 
Calories, 126 
Calorimeter, animal, 109 
bomb, 126 

Calcium, in animal skele- 
ton, 54 

bone meal, 205 
feeding stuff, 54 
groundnut cake 
meal, 54 

leafy vegetables, 54 
legumes, 54 
maize, 54 
milk, 301 

nutrient solution, 24 
oats, 54 

soybean meal, 54, 184 
wheat grain, 54 
Calcium for calves, 301 
for horses, 301-302 
for milch cows, 301-302 
for pigs, 443-444 
for poultry, 468-469 
for sheep, 366 

Calcium phosphorus ratio, 55 
Camels, 416 

grain requirements 
of, 418 


plants eaten by, 417 
rations for, 4 1 9-420 
salt requirements of, 419 
stall feeding of, 422-424 
water requirements of, 42 if 
Carbohydrates, 45 
Carrots,' 172 
Casein, 121 
Caseinogen, 43 
Cassia fistula, 282 
Cellulose, 47 

Cereal grains, 446, 463-465 
products, 448 
Chemical analysis of feed- 
ing stuffs, 97 
Clieena, 158 
Cholesterol, 51,72 
Chromatin, 43 
Clostridium, 23 
Colostrum, 203 
Computation of rations, 135 
Concentrates, 145 

carbonaceous, 185-195 
protein rich, 172-185 
Container for nutrient 
solution, 25 
Copper in soil, 2 
content of crops, 3 
in nutrient solutions, 24 
Cordia myxa, 277 
Corn cockle, 266-268 
Corn ^veavil , 4 
Cotton seed, 307 
American, 182 
Cotton seed, cake, 181, 306, 
390, 450 

meal, 468 
Creatine, 45 
Creatinine, 45 * 

Critical temperature, 112 
Croton tiglium, 255 
Crinum defixum, 255 
Cumbu (bajra), 157 
Cystine, 43 

Dais (Dhals), 468 
Dalbergia sisso, 283 
Daphne oleoides, 257 
Datura stramonium, 254 
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Deadly night shade, 252 
Dental caries, 71 
Desert soil, 17 
Dextrose, 46, 87 
Dextrin, 46, 48 
Digestible protein, 102, 124 
nutrients total, 102, 103 
Digestibility trials, 98-102 
Digestion of, carbohy- 
drates, 90 

disaccharides and mono- 
, saccharides, 92 
fat, 90 
food, 81 

the minerals in food, 93 
Disaccharides, 46 
Distillery by-products, 195-197 
Dry fodders, 161 
Dry matter, 31 

requirements of 
animals, 110 
Dry roughages, 309 
Dunn nutritional labo- 
ratories, 6 

‘ Dust-bowl,’ American, 7 

E-conomics of feeding, 482 
based on food units, 484 
Economics of feeding 
based on total diges- 
tible nutrients, 486 

Energy, 81 
value, 125 

metabolisable, J 17, 125 
gross, 125 
nett, 125 

standards of Armsby, 124 
Ensilage, 225-230 ’ 

Enzymes, proteolytic,' 87, 88 

Epithelial cells, 94 , 
Equilibrium betweerl the 
' soil and the human and 
cattle population,' 12 ‘ 
Erepsin, 88 
Ergosterol, 51 
Ergot, 270-272 
Erythrina indica. 283 


Ether extract, 49 
Eugenia jambolana, 278 
Euphorbia tirucalli, 257 


Famine fodders, 273-285 
Farm yard manure, 10 
Fasting katabolism, 105 
Fats and related bodies, 49-5 f 
Feeds, succulent, 308 
Feeding stuffs, 145 
cooking and steam- 
ing of, 237 
minerals in, 51 
preparation and storage 
of, 210-245 
soaking of, 237 

special preparation of, 235-237" 
suitable for Dairy 
cattle, 304 

Feeding of, buffaloes, 351-356 
buffalo calves, 342 
bullocks, 343-351 
camels, 416-424 
goats, 372-379 

horses and mules, 380-415 
milch cows, 288-325 
pigs, 425-453 
poultry, 454-481 
sheep, 359-371 
young stock, 325-342 
Feeding standards, 124-135 
Ficus glomerata, 278 

„ hispida, 278 

„ infect oria, 278 

„ religiosa, 279 

Fishmeal, 203-205 
for pigs, 449 
for poultry, 467 
Fluorine, 57 

Fodder reserves, 273-276 
Fodders, cultivated, 156 
Food units, 133 
Food nutrients, classifica- 
tion of, 3 1 

Food, digestion, absorp- 
tion and utilization of, 81-104 
Formula for body weight 
(Rubner’s), 1 14-1 15 
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Oalactosa, 46 
<jaruga pinnata, 2B6 
•Gastric juice, 84 
Gelatin, 41 
Gliadin, 41, 121) 

Globulins, 41 
Glucose, 41 
Glucosides, 45 
Glutamine, 44 
Glyco or glucoproteins, 43 
Glycine, 35, 39 
Glycogen, 48 
Gossypol, 264 

Grains, leguminous, 185-187, 467 
storage of, 240-245 
grinding and crushing of, 235 
Gram, 185, 306, 311, 318, 319, 
322, 323 

Grasses, cultivated, 170 
Grass, andropogon, 151 
anjan or kolukattai, 149 
chhimber, 151 
dub or dhub, 148 
elephant, 154 
Grass, guinea, 155 
pal wan, 149 
reed, 285 
Rhodes, 155 
rye, 153 
spear, 151 
Sudan, 155 

artificial drying of, 218 
Groundnut cake, 174-176 
Guara, 185 
Gur, 389 

Haemoglobin, 43 
Harmful foods, 246-273 
Hay, 210 
berseem, 162 
brown, 215 
factors influencing 

the composition 210 
legume, 391 
losses ^ incurred in 
making of, 217 
lucerne, 161 
making, 211 
oat, 162, 391 
•some typical Indian 


composite, 219 
storing of, 214 
volume of, 216 
weight of, 216 
Hemicelluloses, 48, 91 
Hexosans, 46 
Histones, 42 

Hohenheim system of 
grazing, 147 
Hordein, 41 

Horses, food requirements 
of, 382-394 

feeding programme for, 41 1-413 
rationing standards for, 394-41 1 
Humus content of soil, 2 1 
Hydrogen ion concentra- 
tion, 52 

Hypoxanthine, 44 

India rubber tree, 270 
Indian clover, 160,161 
Indole, 38 

Intestinal juices, 85, 86 
Inulin, 47 

Iodine, 366 

deficiency in horses, 384 
deficiency in sheep, 366 
deficiency in pigs, 444, 445 
mixture for horses, 384, 385 
Java beans, 259-260 
Joar or Gholam, 156 

Kalanchoe spathulata, 257 
Katabolism, 105 
Kellner’s starch equiva- 
lents, 128 
Khans, 285 
Kolukattai grass, 149 

Lactalbumin, 121 
Lactose, 46 
Laevulose, 46, 85 
Lamb raising, 362 
Laterite soils, 16 
Lathyrum, 261-263 
Legume hays, 391 
„ straw, 165 
Lignin, 45, 47 
Linseed, 184 
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l^inseed cake, 177 
meal, 390, 450, 468 
Lipase, 89 

Live stock population in 
India, 12 

Losses incurred in hay 
making, 217 

due to burning dung, 9 
Losses due to pests and 
diseases, 3 
Lucerne, 159 
hay, 161 
straw, 165 
Lupins, 252-254 
Lysine, 120-121 


Maintenance rations, 103. 314 
for buffaloes, 352 
for bullocks, 343 
for horses, 382-385 
requirements, 108 
starch equivalents, 128 
Magnesium, in feeding 
stuffs. 51, 55 
in milk, 301 
nutrient solution, 24 
soil, 21 

Maize, 159, 193-195 
glutelin, 121 
meal, 195 
storage of, 244 
Malt sprouts, 195 
Maltase, 87 
Maltose, 47,87 
Mandal or Ragi, 157 
Mangolds, 169 
Mannose, 46 
Matii, 186 

Meat scraps for pigs, 450 
for poultry, 467 
Melia azedarach, 379 
Metabolisable energy, 117, 126 
Metabdlism, 105 
Milch cows, computation 

of rations for, 315-325 
dry matter requirements 
of, 302 

dry roughages for, 309 
tfat requirements of, 297 


feeding of, 288 
feeding stuffs suitable for, f04 
^ maintenance rations for, 314 

j mineral requirements of, 298-300 

protein requirements of, 291-293 
succulent feeds for, 308 
total digestible nutrients 
required, 291 
i Milk, 198-203 
separated, 199 
’ skim, 199, 466 

j Millets, 197, 389 
I Millet grains, 448, 465 
j Minerals, 51-60 
j for calves, 300 

for camels, 419 
for goats, 377 
t for horses, 384-385 

for milch cows, 298-300 
for poultry, 468-69 
for sheep, ^6-36 7 
Mineral supply, 112 
Molasses, 206, 389 

and moiassed feeds, 207-208 
Monosaccharides, 46 
Mules, feeding of, 413-415 

National calf starter, 333-336 
Natural grazing, 145 
Neem tree, 279 
Nett energy'-, 128 
Nitrogen equilibrium, 109 
free extract, 46 
fixation in soil, 22 ^ 

Nitrogen or albuminoid 
or Nutritive ratio, 132, 133 
Non-protein nitrogenous 
substances, 44 
Nucleo-proteins. 43 
Nutrient solutions, 23 
preparation of, 27 
containers for, 27 

Oats, 157, 187, 189, 307, 

387,448, 464 
j germinated, 189 

1 hay, 162 

j straw, 163 

t Oesophagus, 84 
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Oil, hydrogenation of, 49 
Oil seed cakes, and 
meals, 172-182 
storage of, 244-245 
Oil seeds, 182-185 
Oleanders, 269 
Omasum, 83 
Organs of digestion, 82 
Osteomalacia, 55 


Paddy and rice kura. or 
rice chura, 193 
Palatability, 110 

Palm Kernel cake or meal, 1 78- 179 
Pancreatic juice, 85 
Pasture, improvement of, 147-148 
Pasture grasses, factors 
affecting the nutritivt 
value of, 146 
Peas, 261-263, 389 
Pea straw, 166 
Pentosans, 46, 91 
Persian clover or shaftal, 160, 161 
Peptones, 39 
Phenyl alanine, 35, 37 
Phosphorus, 55, 57 
in soil, 21 
in milk, 301 

requirements of cows, 301, 304 
requirements of horses, 384-385 
requirements of pigs, 443-444 
of poultry, 468, 469 
of sheep, 366 
Pigs, feeding of, 425-453 
Polypeptides, 39 
Polysaccharides, 47, 90 
Potassium in feeding 
stuffs, 54 

Production, 116-118 
Prolamines, 41 
Prosopis spicigera, 283 
Protamines, 41 
Protein, equivalents, 131 
requirements of 
animals, 111-112 
rich concentrates 1 72- 1 74 
Proteins, 33-40 
in barley, 41 


classification of, 40-43 
conjugated, 43 
of eggs, 41 
of gram, 41 
of milk, 41 
of maize, 41 
of peas, 41 
of rice, 41 
of rye, 41 
of vegetables, 41 
of wheat grain, 41 
Ptyalin, 82 
Pyrolc, 38 

Qualitative aspects of 
production rations, 120-122’ 
Quercus dilatata, 280 
„ icana, 280 

Ragi or Mandal, 157 
Rape seed cake, 180 
Rawan, 186 

Rations, computation of, 315-325* 
for buffaloes, 352-356 
for bullocks, 343-351 
for calves, 325-342 
for camels, 419-421 
for cows, 314-325 
for goals, 378-379 
for horses, 394-41 1 
for mules, 413-415 
for pigs, 452, 453 
for poultry, 463-471 
for sheep, 363 
Resorbtion, 93-95 
Respiration apparatus, 127 
Rhizobium leguminosa- 
rum, 23 

Rice straw, 166, 167, 309 
Rickets, 55 
Root crops, 167-172 
storage of, 239 
Roughages, 145 
Rubner’s surface law, 114, 115 
Rumen, 83 

Saliva, 109 

Salvadora oleoidcs, 284 
Sarson cake, 180 
Satix tetrasperma, 284 
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Scleroproceins, 42 
Sesame or gingelly or til 
cake, 180 

Sesbanta aegyptiaca, 280 
Sheep, feeding of, 359-371 
general principles for 
feeding and raising 
of, 370, 371 

iodine requirements of, 366 
rations for, 363 
watering of, 367 
Silage, crops suitable for, 232 
preparation of, 226 
types of, 228-230 
A. I. V., 233 
Silk fibroin, 42 
,, gelatin, 42 
Silo, ground, 231 
overhead, 230 
types of, 230 
Salamin, 41 

Sodium in feeding stuffs, 53 
in milk, 301 

Sodium chloride (common salt), 
foi calves, 327 
for camels, 419 
for goats, 377 
for horses, 385 
for milch cows, 300-30 1 
for pigs, 443 
for poultry, 469 
for sheep, 366 
Soils, 1 
acidity, 6 
alluvial, 15 
black cotton, 15 
chemical composition of, 20, 2 1 
conservation in relation 
to agriculture, 4 
desert, 17 
deterioration of, 6 
erosion in India, 7 
the Punjab, 8 
fertility and food 
supplv, 9-14 
humus content of, 2 1 
living organisms in 
the, 21,22 
laterite, 16 


mechanical compositions 
of, 18-20 

mineral deficiency 
in, 18 
profiles, 19 
red, 16 

trace elements in, 20,21 
types, 14-18 
Soilless growth, 23-29 
Sorghums, 45 

Sorghum poisoning, 250-252 
Soybeans, 184, 451 
Soybean, cake, 176 
meal, 467 
straw, 165 

Special aspects of feeding 
for production, 118 
Spermaceti, 51 
Spongin, 42 
Starches, 46, 90 
Starch equivalents, 128 
Stallion, feeding of the, 410-41 1 
Standard based on total 
digestible nutrients and 
digestible protein, 128 
Standard based on Kell- 
ner’s starch equivalents, 128 
Standard based on 
Armsby’s net energy 
value, 128 
Steapsin, 86 
Sterols, 72 

Straw, and Chaff, 163 
barley, 164 
bean, 165 
legume, 1 65 
lucerne, 165 
oat, 163 
pea, 166 
rice, 166 
soybean, 165 
wheat, 164 
Succulent feeds, 145 
Sucrase, 87 
Sucrose, 46 
Sugarbeet, 170 

mineral content, 3 
pulp, 170 
tops, 170 
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Sui (.ability of food, 110 
Sunflower seed, 184 
Surface law, (Rubnei’s), 114,115 
Swedes, 168 


Tamarix dioica, 284 
Tankage for pigs, 450 
Tapioca, 253, 269 
Taxus baccata, 257 
Temperature, criticaL 180 
Teosinte, 156 
Terminalia belerica, 285 
„ tomentosa, 280 

Therms, 128 

Thevetia nerifolia, 253, 269 
Til or sesame or gingelly 
cake, 180, 308 
Toria cake, 180 

Total digestible nutrients, 121. 1 24, 
133, 291 
Trypsin, 85, 88 
Trypsinogen, 86, 88 
Tryptophane, 37, 38 
Turnips, 168 
Tyrosin, 37, 39, 42 


Utilisation of food, 81 , 95 

Value of non-protein 
nitrogen for production, 122 
V alue number, 1 30 
Villi, 94, 95 
Vitamins, 60-80 

Waxes, 50 
Wheat grain, 189 
by-products, 180-192 
mamni, 192 
straw, 164 
Whey, 202 
Wild vetch, 395 
Wool, feeding for pro- 
duction of, 367 

Xanthine, 44 
Xerophthalmia, 65 
Xylose, 48 

Young stock, feeding of, 325 

Zein, 40, 111, 121 

Zinc in nutrient solution, 24 

Zizyphus jujuba, 281 

nummularia, 281 
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